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ABSTRACT 

Ths design, fabrication and static tost of an all magnesium F-80C air- 
plane is discussed in the following analysis. Temperature limitations for 
hot forming magnesium alloy and methods employed are presented. Fabrication 
recommendations for utilising commercially available high strength magnesium 
alloys in cdroraft primary struct ares are presented. The present equipment 
used to fabricate aircraft parts from aluminum alloy can be employed with 
modifications to incorporate heating derlces in order to heat the forming 
dies and the work. While the necessity for hot working magnesium may, at 
time«, be a drawback in regard to cost of equipment and operation, there are 
some aspect« of the hot working method which, at least partially and often 
entirely, offset this disadvantage. Hot working of magnesium alloy reduces 
or eliminates spring-back, thus making greater accuracy possible. In addition, 
it is generally possible to reduce the number of intermediate draws when hot 
working magnesium alloy sheet as compared to the number of steps in cold 
working aluminum alloy sheet. From the machining standpoint, tools for cutting 
steel will perform satisfactorily on magnesium alloy but better results and a 
reduction in operating costs may be obtained by modifying the cutting tools to 
take advantage of the lower cutting resistance of magnesium alloy. 

It Is concluded from this project thatt (a) primary aircraft structural 
components ran be satisfactorily fabricated from the non-strategic magnesium 
alloys that »«.re commercially available at the present time, (b) the basic de- 
sign of aircraft can be simplified through the use of thick skin type of con- 
struction, (c) primary aircraft structures utilizing thick skin with a minimum 
of auxiliary stiffeners vill compare favorably on a strength-weight basis with 
conventional reinforced thit-skin type of design. 
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INTRODUCTION 

Recent developments in the aircraft industry have turned attention to 
magnesium alloy as a primary material for airframe components. The record 
shows that strong, light-weight, non-strategic magnesium has established it- 
self as a member of the aircraft family of metals. In a relatively short 
period, engineers have applied this material intu an ever-widening field of 
aeronautical applications. 

The principal factors responsible for the exceptional rapidity of the 
development of the use of magnesium alloy in the aircraft industry la the 
past ten years are: 

1. The introduction of more suitable alloys, primarily FS1-H2I* and 
ZK60A, which exhibit better strength, ductility and resistance to 
fatigue as compared to Jl-H magnesium alloy previously used in 
various development programs. 

2. Increasing weight savings have been demanded by the aircraft 
industry. 

3. Lower density of magnesium alloys will permit the design of a 
monocoque type of structure that can carry higher buckling loads 
for the same weight of structure. 

h.    The realization of various design simplifications that can be made 
through the use of a magnesium monocoque type of structure, thus 
resulting in increased producibility through reduction in overall 
number of detail parts and fastenings. 

5. The cost of design and fabrication can be reduced as a direct 
result of design simplification. 

6. Excellent machining properties. 

7. Adaptability of magnesium to many modern processes of fabrication 
and assembly such as extruding, sand casting, die caating, permanent- 
mold casting, fusion and resistance welding. 

One of the advantages, as well as a weakness of magnesium alloy, is its 
low modulus of elasticity. Magnesium alloy has a modulus of elasticity of 
6-1/2 million as compared to 10 million for aluminum and 29 million for steel. 
Because of its low modulus, magnesium structures require more cross-sectional 
area for the same deflection and additional area for the same load due to the 
lower allowable stresses. Therefore, in many applications the use of magne- 
sium is advantageous in that a thick skin design is possible. This results in 
greater rigidity andgreater resistance to local buckling. 

Even though magnesium has a lower strength than aluminum, magnesium can 
and does compete successfully with denser materials on the basis of strength 
weight ratio. The reason is that the strength of a part is very often deter- 
mined more by the geometry of the part than by the basic strength of the 



material of which It Is made. In aircraft structures, auch of the airframe 
weight is in members for which compresslve buckling is a critical condition. 
The most effective way to boost allowable compresslve stresses 1» to employ 
thick cross sections. The advantages of magnesium in this regard are obvious. 
In view of the greater bulk required with magnesium, the problem of local in- 
stability may be lessened since under some conditions of loading the strength 
or stiffness of a structural member increases with the second or third power 
of the thickness or depth of the member} as a result, heavy-gage monocoque type 
magnesium sheet structures are practical from both the strength and weight 
standpoint. This type of construction is often cheaper to manufacture than 
lighter gage sheet structure of the same weight made of aluminum alloy which re- 
quires many rivets and internal stringers to raise the allowable buckling of the 
skin. 

Magnesium alloys have been of immeasurable value in solving the problems 
which are commonly known as "minimum gage" problems. In stressed skin structural 
designs where the skins are lightly loaded, a practical minimum gage of skin is 
used} however, if magnesium skins are used in place of aluminum, considerable 
weight savings are usually possible. 

Several other significant advantages can be realized in utilising magnesium 
alloy as primary structural material. Employing heavy-gage monocoque type of 
construction results in aerodynamic «soothness and increased structural rigidity. 
These advantages are noteworthy since the demand for even higher speeds has 
necessitated the development of thinner wings which creates new problems. These 
problems are partially solved by employing a magnesium monocoque type of structure 
without paying a penalty in weight. 

From the fabrication standpoint, the fabrication of wrought magnesium alloy 
part« will require new shop tools and technique. This requirement is necessary 
since many forming operations on magnesium can only be it.-:-*  at elevated tempera- 
tures. The strain hardening of the wrought magnesium alloy upon forming permits 
only a small anount of deformation at room temperature. As the temperature of 
magnesium alloy is raised above l*50°F the magnesium alloy may be more severely 
worked than most other metals at room temperature. The use of heat on some parts 
being formed sometimes allows the part to be completely drawn or fabricated in 
one operation, whereas in other metals several anneals and redraws might be re- 
quired. Springback is negligible in parts formed at high temperature. In 
general, magnesium alloys can be formed in more intricate shapes than aluminum 
alloy parts if the proper tools are used. 

In the following analysis, the design, fabrication, and static test of an 
all magnesium F-80C airplane is discussed. A detail analysis of the assembly 
procedure employed in constructing the various components of the magnesium air- 
frame is not presented since the method employed is consistent with the experi- 
mental nature of this project and is considered as standard practioe. The 
fuselage assembly fixtures, as presented in Figures 6, 6, and 9, are only con- 
sidered as holding fixtures and are not deemed as production tools. 

In Appendix "A1', a detail stress analysis of the structural components of 
the magnesium F-80C alrframe is presented. 



An analysis of the magnesium wing Is not presented since the wing was 
developed under a separate contract and is completely covered In Air Force 
Technical Report No. 619U, entitled, "Development of a Thick Skin Magnesium 
Alloy Wing for F-80 Aircraft," and dated September, 1950. 

In the development program of the magnesium airplane, the following parts 
were not fabricated in magnesium} (a) Ammunition Doors, (b) Nose Landing Gear 
Doors, (c) Main Landing Gear Doors, (d) Fuselage Fuel Tank Access Door, (e) 
Upper Engine Access Door, (f) Wing Fillets (up to fuselage station 277.5), (g) 
Tail Fillets, (h) Internal Air Ducts (portion extending from fuselage station 
1624. - 22k),  (i) Louvre and Air Bleed Ducts. For the above mentioned assemblies, 
it was decided to utilize the standard V-80C aluminum assemblies since the cost 
of the tools to fabricate these parts in magnesium was not warranted in con- 
sideration of the requirements for one airplane and the secondary structural 
nature of these parts. Based on a design analysis, it was estimated that 
approximately twenty percent of the structural weight of these assemblies could 
have been saved if the assemblies were fabricated in magnesium alloy. Tha 
magnesium F-80C airplane is shown In Figures 1 and 2. 

MATERIALS 

The materials used in the fabrication of the F-80C magnesium airplane are 
as shown in the following table together with the basic allowable stresses used 
in the detail design of the structure. Attachments were made by 56S aluminum 
alloy rivets, 75ST aluminum alloy Huck Lockbolts and AN steel bolts and screws 
except for the following attachments. When aluminum parts were riveted to 
other aluminum parts, A17ST rivets wore used| however, when attaching alrminum 
to magnesium 56S rivets were used. 

The material allowables for the stainless steel used are not presented In 
the following table since they are generally known. 
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DESIGN 

The initial atep in the design of the experimental F-80C magnesium air- 
frame vaa to evolve a preliminary layout of the basic internal structure. This 
preliminary layout in some respects vaa dictated by contract requirements that 
the experimental magnesium airframe shall be interchangeable with the prototype 
aluminum F-80C airframe with respect to the fuselage, wing, aileron, flaps, 
landing gear and tail assemblies. From an examination of the preliminary layout 
and the interchangeable, ty criteria it was apparent that no major changes in the 
internal arrangement of the basic primary structure over that of the prototype 
could be accomplished; although it waa felt that a more efficient magnesium 
structure could be gained by an original design considering the use of magnesium 
without being plagued by interchangeability of an existing design in aluminum 
alloy. 

The fuselage structure was designed in three sections similar to that of 
the prototype fuselage; that is, nose section, mid-section, and aft section. 
The nose section extends from station 16 to the canted bulkhead station 81.Po. 
This section contains all the armament equipment consisting of six .50 caliber 
machine guns with ammunition trays for 300 rounds per gun. The mid-section ex- 
tends from the canted bulkhead station 81.8 to station 277.5 and basically 
contains the pressurized cockpit, power plant, nose landing gear, self-sealing 
fuel tank with a capacity of 207 gallons of fuel and two dive recovery flaps 
located at the bottom of the fuselage forward of station 190.50. The wing is 
attached to the mid-section at station 190.5 and 228.3. The aft section of the 
fuselage extends from station 277.5 to station 1*30. This section incorporates 
the tail structure and houses the Jet engine tail pipe. 

The basic structure of the fuselage nose section was unaltered from that of 
the prototype aluminum structure except for the elimination of the skin stiffeners 
above the gun deck between station 27 and it 7. All skins and bulkheads except 
the lover skins forward of station hi which are stainless steel were fabricated 
from FSl-H2li magnesium alloy sheet. The longerons were fabricated from ZK60A-TS 
magnesium extrusions. Stainless steel was also used in the shell ejection region 
below the gun deck. 

The basic structure is shown in Figure 3. A top view and a quarter rear 
view of the nose section is shown in Figures it and 5 respectively. The fittings 
for the gun mounts are not shown. These fittings were not redesigned and the 
standard fittings used on the prototype were employed. 

In the redesign of the fuselage mid-section, the fuselage frames were placed 
at the same locations as on a standard Lockheed F-60C airplane; however, practically 
all of the secondary stringers used on the standard F-80C were eliminated except 
for the aft lower section of the mid fuselage. The fuselage frames were formed 
from FSl-H2ii magnesium alloy sheet except for special highly loaded frames which 
ware made from AH265-T6 (heat-treated and aged) magnesium alloy castings (Comp. 
AZ-63). These castings were located at the following stations; lid, 152, 163.875, 
I90.5, 228.3, 252, and 277.5. At station lid. and 152 only the area of the bulk- 
head in the region of the pressurised cockpit was trade from a nagnesiua sand 
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casting. In reference to station 163.875, only the air duct region of the 

bulkhead was designed as a casting.  The location of the castings are shown 
in Figure 6. 

The main structural longerons of the fuselage mid-section were fabricated 
from ZK60A-T5 magnesium alloy extrusions and FSl-H2ii magnesium alloy sheet was 
used as the cover material. 

As a result of the static test, additional stiffeners were added as inter- 
costal angles from station 228.3 to 263 at Water Line 97.59 and 106.59. These 
intercostal stiffeners were clipped to the frames and were made from an equal- 
leg angle magnesium extrusion of ZK60A-T5 alloy one inch by .125 thick. 

The basic structure of the fuselage mid-section is shown in Figures 6, 7, 
and 8. 

The aft fuselage structure was constructed of magnesium alloy except for 
the fire wall bulkheads and the bulkheads supporting the tail section which were 
made from stainless steel. The bulkheads were located at the same locations 
as on the standard Lockheed F-80C airplane with the addition of two bulkheads 
which were located at stations 288.25 and 388.Oj however, all of the secondary 
stringers used on the Lockheed F-80C were eliminated. The main longerons in 
the aft fuselage section were made from ZK60A-T5 magnesium alloy extrusions and 
FS1-H2U magnesium alloy sheet of . 06lt gage was used as the skin covering as 
compared to .032 gage aluminum used on the standard F-80C. In the magnesium aft 
fuselage section, the skin gage for the last 30 inches of the fuselage was re- 
duced to .OliO. The basic fuselage structure showing the various bulkheads • and 
longerons are shown in Figures 9 and 10. 

A comparison of the prototype structure in aluminum alloy and the redesigned 
fuselage aft section in magnesium alloy is shown in Figures 11 and 12 respectively. 

The complete fuselage assembly and empennage for the static test airplane 
is shown in Figure 13 and the flight test fuselage nose and mid section is .«hown 
in Figure Ik. 

The design of the fin was of conventional design. The front and rear 
beams were fabricated with ZK6QA-T5 extruded magnesium alloy caps and FS1-H2Ü 
magnesium alloy webs. The ribs and skins were fabricated from FSl-H2ii magnesium 
alloy sheet. The rudder was fabricated with.a FS1-H2U formed sheet channel 
beam and FS1-H2U ribs and skins. 

In the design of the magnesium alloy fin a total of seven ribs were used 
as compared to eight used on the prototype aluminum conventional F-80C. The 
skin gage of the magnesium fin was .051 as compared to .032 for the prototype 
fin. 

The magnesium rudder employed eight ribs in its basic structure with a 
skin gage of .051 although 12 ribs and a skin gage of .032 were employed on the 
prototype aluminum rudder design. 

The basic structure of the fin is shown In Figure 15 and that of the rudder 
is presented in Figure 16. 
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The horizontal stabilizer of the prototype airplane consisted of a two 
bean conatruction with longitudinal atringera located approximately five inchea 
apart. These atringera were placed parallel to the rear bean and were dropped 
aa they approached the front bean. Eight chordwiae riba per aide, not including 
the oenterline rib completes the baaic structural frame. In redesigning the 
horizontal stabiliser atructure fron aluminum to magnesium alloy, the prototype 
structure waa changed to a three bean atructure utilizing only four ribs per 
side. In order to obtain maximum bean bending efficiency for minimum weight 
and to aroid skin splices, the horizontal stabilizer waa designed to employ 
machined tapered magnesium skins that extended fron the root section to the tip. 
These skins were machined fron hard rolled magnesium sheet conforming to 
Federal Specification QQ-M-Ut, Condition H (Dow FS1-H21). The skins are eighty- 
two inches (82) long and taper at a rate of .0192 aches per foot and measure 
.172 inches at the root. The maximum width of the skins was approximately 36 
inches. 

The'problem of forming the leading edge radius was circumvented by en- 
ploying a machined leading edge insert. This machined leading edge was fabri- 
cated from a ZK60A-T5 extruded magnesium bar. At firat an attempt was made to 
cast this leading edge in order to aroid excess machining} however, this casting 
program waa later abandoned due to warpage difficultlea encountered. 

The three beams of the magnesium horizontal stabilizer were fabricated 
from ZK60A-T5 magnesium extrusions. The web of the beams waa an integral part 
of the beam caps and waa formed by overlapping and riveting the vertical leg of 
the beam capa. The centerline rib and the riba located at stabilizer station 
10 utilized ZK60A-T5 magnesium extrusion for their rib caps and FS1-H2Ü magnesium 
alloy aheet for their webs. All other ribs were formed from FS1-H21* magnesium 
alloy tihuet. 

The basic structural configuration of the magnesium horizontal stabilizer 
is shown in Figure 17. 

The elevator was of conventional construction and design and was fabricated 
with a FSl-H2ii magnesium alloy formed sheet channel bean and FS1-H21* ribs and 
•kins. 

In order to maintain interchangeability between the magnesium and prototype 
aluminum empennage, the standard F-80C fin and stabilizer fittings were used. 

The flight airplane in the final assembly stages is shown in Figure 18. 

DESION OF FITTINOS 

In order to substantiate the static strength of the most critical fittings 
used in the design of the magnesium F-80C airplane, all critical fittings were 
static teated. All fittings chosen for test were originally either forged or 
cast from aluminum alloy in the prototype airplane. These fittings were re- 
designed to employ magnesium ZK60A-T5 extrusion alloy or magnesium casting alloy 
conforming to specification QQ-M-56, Composition AZ63, heat treated and aged. 
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The fitting! tested are ma follower 

FITTIM) E.C.A. PART MD. 

1 - Bottc« Longeron fitting - St*. 190.5 86-33ii-02 
2 - Upper Longeron Fitting - St«. 163.9 86-33l*-06 
3 - Noae Section - Lover Long. Fitting 86-321*-02 
h - upper Long. Aft Fitting - St«. 277.5 86-3UA-01 
5 - Aileron Pueh Rod - Attmoh. Fitting 86-1U-09 
6 - aerator Hinge Fitting - St«. 60.5 86-2li-19 

Bottom Longeron Fitting - Station 190.5 

The bottom longeron fitting la fabricated fro« a 2.50 x 6.00 inch ZX60A-T5 
magnesium alloy extrusion bar. This fitting ia critically loaded In eompreaaion 
and ia need to transfer the oompreaaive load in the lover oenterline longeron to 
the ving centerline rib casting. Because of the large cross-sectional area of 
the extrusion the conpreaaire yield strength Is only 22,000 psi. In riew of the 
lov yield compressive atrength a test was conducted to prore the adequacy of the 
fitting in combination with the longeron material which In Itself shows an actual 
compreeaive yield atrength of 26,000 pai. (Longeron aection la machined from an 
EGA extrusion, number 86-332-15, and is extruded from ZX60A-T5.) 

The fitting in combination with the longeron prior to testing is shown In 
Figure 19 and the teat aetup ia shown in Figure 20. The design ultimate load 
for the fitting ia 70,980 pounds. The fitting was teated to failure in axial 
compression and failed at a load of 8U,500 pounds, or 19 percent above the deaign 
ultimate load, through a combination of bending and cruahing as ahown In Figure 
21. The compressire yield strength of the combination based on the static test 
is 63,200 pounds. In terms of the design ultimate fitting load of 70,980 pounds, 
the compressiTe yield load corresponds to a yield point of 8$ percent of ultimate 
load which ia subatantially abore the limit load (67 percent of ultimate). 

Upper Longeron Fitting - Station I63.9 

The upper longeron fitting at station 163.9 is fabricated from an extruded 
aection of ZX6QA-T5 magneaium alloy. This fitting is critioal in tension and 
ia used as the upper longeron splice at the aft preasure bulkhead of the 
pressurlted cockpit. The fitting ia attached to the inboard face of the upper 
"Zee Section" longeron. In order to check the fitting and ita attachment to the 
upper longeron, the fitting was attached to a repreaentatire piece of "Zee Section" 
longeron by means of eight ANJi ateel bolts. The longeron was formed from FS1-H2I* 
magnesium alloy sheet. The teat specimen is shown in Figure 22 and the test set- 
up ia ahown in Figure 23. 

The fitting was loaded in tension and failed in combined tension and bending 
through the first row of bolta in the fitting at a load of 19,660 pounds. The 
failed fitting is shown in Figure 2h.    The design ultimate fitting load is 21,650 
pounds. On the basis of the static test the tensile yield strength of the fitting 
combination with the representatire "Zee Section" longeron is 16,550 pounds which 
corresponda to a yield point of 76 percent of ultimate deaign loaL. From the 
atandpoint of the atatic teat yield load the fitting combination has sufficient 
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8trength| however, the ultimate failure load is only 90.8 percent of the re- 

quired ultimate design load. In view of the location of the failure, the 
attaching bolt pattern was modified by reducing the number of ANU bolts from 
eight to seven. The odd bolt was located at the point of failure. This modi- 
fication increased the net area through the fitting at its critical section 
by 16 percent. 

The modified fitting combination was tested and failed at a load of 20,650 
pounds in combined tension and bending through the last row of bolts through 
the longeron as shown in Figure 25. The failure load of 20,650 pounds is con- 
sidered as adequate for the representative structure since the longeron is de- 
signed for only 20,600 pounds at the point of failure. Actually, the ultimate 
design fitting load of 21,650 pounds is quite conservative since it assumes that 
the full longeron load at station 163.9 is carried entirely through the fitting 
and none through the external skin splice at this station. 

Kose Section - Lower Longeron Fitting 

The nose section lower longeron fitting is machined from a 2 x 2.5 inch 
ZK60A-T5 magnesium alloy extruded bar. Considerable doubt existed as to the 
adequacy of the strength of this fitting in view of the eccentric nature of the 
applied bolt load. In addition, the amount of space available for fitting 
material was severely limited due to the requirements of interchangeability with 
the prototype structure. 

The test specimen in the loading fixture prior to test is shown in Figure 
26 and after test in Figure 27. 

The specimen failed through the first row of screws as shown in Figure 27 
at a load of only 16,500 pounds or 55 percent of ultimate design load of 29,830 
pounds. 

In view of the low failure load and space limitations caused by the problem 
of interchangeability it was felt that a further redesign of the fitting in magne- 
sium was not practicable. It was consequently decided to redesign the fitting 
using 75S-T6 aluminum alloy in place of the 2K60A-T5 material, since only a small 
increase in sectional area would then be required. 

The fitting was not retested since an analysis showed that the calculated 
strength of the redesigned fitting was adequate based on the increase mechanical 
properties of 75S-T6 over that of ZK60A-T$ and a further increase in area of the 
critical section by 13 percent. 

The calculated failure load for the redesign fitting is then 111 percent of 
the ultimate design load of 29,630 pounds. 

ffpper Longeron Aft Fitting - Station 277.5 

The upper longeron aft fitting at station 277.5 is used to transfer the aft 
fuselage upper longeron loads to the mid-section longeron by means of the fuselage 
splice bolts at this station. This fitting is critical in tension and is fabri- 
cated from ZK60A-T5 magnesium alloy extruded bar. 
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For teat purposes, the fitting was attached to a steel supporting fixture 
by twenty-four "i/L6n  diameter steel screws similar to that employed in the air- 
plane.  (See Figure 28.) 

The specimen failed at a tension load of 35,170 pounds by stripping the 
threads on the AN365-1016 steel nut used to anchor down the main NAS150 steel 
bolt. The test specimen after failure is shown in Figure 29. The failure load 
corresponds to a load of 126 percent of the design ultimate load of 27,880 
pounds. Actually, the nut to be used in the airplane will have steel threads 
with a higher tensile strength than the AN365 nut used in the test.  Therefore, 
it is safe to say that the strength of this fitting will be somewhat higher than 
the 126 percent of ultimate shown by test. 

Aileron Push Rod Attaching Fitting 

The aileron push rod attaching fitting as shown in Figure 30 in its 
supporting steel fixture is machined from ZK60A-T5 magnesium alloy extruded bar. 
This fitting is critical in tension. 

The test fitting was static tested and failed by shear tear-out of the 
fitting lugs, as shown in Figure 31,at a load of 12,080 pounds. This failure 
corresponds to a load of 139 percent of the design ultimate load of 8660 pounds. 

Elevator Hinge Fittings - Station 60.$ 

The elevator hinge fitting at station 60.5 is machined from a magnesium alloy 
casting that conforms to specification QC-M-56, Composition AZ63-HTA. The fitting 
in the test fixture after failure is shown in Figure 32. The test specimen failed 
under load at UOOO pounds by shearing the l/U" diameter steel hinge pin (125,000 
psi H.T.). The casting itself did not fail. The above failure load corresponds 
to a load of 1*30 percent of the design ultimate load of 929 pounds. 

STATIC TEST PROGRAM 

The static test program of the F-80C magnesium airplane was conducted at 
Headquarters, WADC, Wright-Patterson Air Force Base, Ohio, during the period 
from 7 October 1953 to 7 January 195k. The structural test article consisted of 
the complete fuselage structure, horizontal and vertical tail surfaces, one flap. 
and one aileron constructed of magnesium alloy. 

The complete structural test program conducted on the fuselage and 
empennage consisted of the following loading conditions which were tested for 
on the following dates: 

Percent Ult. 
Condition Ld. Supported     Date of Test 

1 - Cockpit Pressurization to 9.0 psi 
2 - Nose Gear and Support Structure 

(a) Static Thrust Condition 
(b) Condition #1 
(c) Side Drift Landing 

100 

100 
100 
100 

7 October «53 

12 October '53 
Ik October '53 
Ik  October «53 
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Percent ült. 
Condition 

3 - Fuselage Condition A-IT 
k - Seat Loads 

(a) Seat Dow Load 
(b) Seat Catapult Load 
(o) Seat Belt and Shoulder Harness 

5 - Elevator Control System 
6 - Condition A-IX 
7 - Oust Condition 
Ö - Condition A-V 
9 - Dynamic Symmetrical Condition A 
10 - Dynamic Symmetrical Condition B 
11 - Vertical Tail Balance Condition 
12 - Dive Brake 
13 - Rolling Pull-Out Condition 
Ik - Combined Dynamic Unsymmetrical Cond. A 
15 - Combined Dynamic Unsymmetrical Cond. B 
16 - Combination B 
17 - Fuselage Condition 17 
18 - Rolling Pull-Out Condition 
19 - Ait Fuselage Up Bending Condition 
20 - Dynamic Symmetrical Condition B 
21 - Dynamic Symmetrical Condition A 
22 - Aileron 
23 - Flap 

Ld. Supported Date of Test 

100 16 October '53 

100 21 October '53 
100 21 October «53 
100 21 October «53 
100 26 October «53 
100 27 October «53 
100 28 October '53 
100 29 October '53 
100 29 October '53 
100 29 October «53 
100 3 November '53 
100 17 November '53 
100 2k November '53 
100 2k November '53 
100 2k November '53 
100 25 November '53 
100 30 November '53 
100 2 December '53 
100 2 December '53 
100 2 December '53 
120 2 December '53 
100 18 December '53 
100 7 January *$k 

For all tests the empennage was assembled on the complete fuselage which In 
turn was mounted on a set of F-80 wings. Support for all tests was provided at 
Wing Station 63 by means of wood and steel formers clamped to 'he wing structure 
at that location. A typical setup is shown in Figure 36. 

Test loads were applied to the horizontal and vertical tail surfaces by means 
of hydraulic struts acting through tension patches bonded to the surfaces. Fuselage 
loads were hydraulically applied through sheet metal straps riveted or bonded to the 
fuselage structure, engine mount support structure, nose gear supports and machine 
gun mounts. In each test the loads were carried through the fuselage and reacted 
at the wing. The correct shear, moment and torsion was maintained through the 
fuselage where critical. The wing fairing and engine access doors were not in- 
stalled. 

The nose gear and supporting structure was static tested for the following 
conditions and satisfactorily supported 100 percent ultimate load. 

A - Static. Thrust Condition 

Ultimate Vertical Nose Clear Load - U30# 
Ultimate Aft Nose Oear Load - 6000# 
Loads applied at axle centerline with the oleo in static position. 
(No relieving loads applied) 
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B - Condition I 

Ultimate Vertical Hose Oear Loud - l5,88o# 
Ultimate Aft Nose Oear Load - $,2ii0# 
Loads applied at axle centerllne with the oleo fully extended. 
Fuselage ultimate Inertia Load Factor - 7.136. 

C - Side Drift Landing 

Ultimate Nose Oear Side Load - U,350# 
Load applied at ground line with the oleo fully extended. 
(No relieving loads applied.) 

The setup for Condition I is shown in Figure 33. 

At the completion of the nose gear test, Fuselage Symmetrical Loading, 
Condition A-II, was conducted. This condition corresponds to the Negative High 
Angle of Attack for a gross weight of 12,200 pounds and an ultimate Load Factor 
of li.50. The test was conducted on the 16th of October 1953 and satisfactorily 
supported 100 percent ultimate load. 

The seat employed in the magnesium F-80C airplane is similar to that of 
the standard F-8ÖC aluminum airplane. However, in order to check the structural 
integrity of the supporting structure, the seat installation was tested for the 
same loads as the prototype airplane. These conditions were as follows» 

A > Seat Down Load: li,000 pounds down on seat bottom. 

B - Seat Catapult Load: 6,600 pounds down on seat bottom parallel to rails. 

C - Seat Belt and Shoulder Harnesst Belt load of 2,880 pounds at 1*0 degrees 
to seat bottom plus shoulder harness 
load of 2.060 pounds. 

The seat supporting structure supported the rarions loads noted and was 
found to be satisfactory. 

The elevator control system was static tested for a control stick force of 
J450 pounds prior to testing the horizontal tail and fuselage for the critical 
elevator torque conditions. The control system and supporting structure satis- 
factorily supported 100 percent ultimate load. 

The loading condition of the various tests other than those previously 
mentioned are as follows: 

Horizontal Tail Tests 

A - Condition A-II 

Ultimate Stabilizer Load - l6,U6o# Down 
Ultimate Elevator Load  - 3,990# Up 
Ultimate Trim Tab Load  -   170# Down 
Ultimate Spring Tab Load -   26o# Down 
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FIGURE 33  - MAGNESIUM AIRPLANS F-BOC NOSE GEAR AND FU3ELAG« 
SUPPORTINO 100 PERCENT LOAD FOR CONDITION I 
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B - Condition A-V 

Ultimate Stabilizer Load - 13,605? Up 
Ultimate Elevator Load - h,h90# Down 
Ultimate Trim Tab Load -   170^ Up 
Ultimate Spring Tab Load -   h30" Up 

The above loads are total for both sides. 
Ultimate Fuselage Inertia Load Factor ■ 11.0 Down 

C - Dynamic Symmetrical Loading Condition A and B 

Condition A - Ultimate Horizontal Tail Load - 22,500* Up 
- Centroid of Load - 28.5* Total Chord 
- Ultimate Fuselage Inertia Load Factor - 28.8 Down 

Condition B - Ultimate Horizontal Tail Load - 22,500* Up 
- Centroid of Load - ll.hi Total Chori 
- Ultimate Fuselage Inertia Load Factor -28.8 Down 

Fuselage Symmetrical Loading Conditions 

A - Gust Condition 

Ultimate Horizontal Tail Load - 12,795^ Down 
Centroid of Tail Load - 33.3# Total Chord 
Ultimate Load Factor - 0 

B - Condition IV 

Positive Low Angle of Attack Gross Weight • 9,600- 
Ultimate Load Factor - 12 

C - Fuselage Up Bending Condition 

Ultimate Horizontal Tail Load - 10,700^ Up 
Centroid of Tail Load - Uh.12% Total Chord 

The fuselage was relieved at Fuselage Station 277.5. 

Vertical Tall Balancing Condition 

Ultimate Fin Load - 5,900'/ 
Centroid of Fin Load - 29.5£ Total Chord 
Ultimate Rvdder Load - -975# 
Centroid o" Rudder Load - 83.3£ Total Chord 

No fuselage relief applied. 

Rolling Pull-Out Condition 

Ultimate Fin Load - 6,105* 
Centroid of Fin Load - 27* Total Chord 
Right Stabilizer „oad - 3,500? 

U6 



Left Stabilizer Load - 2,100*? Up 
Centroid of Stabilizer Load - h9%  Total Chord 

Torsior. from the unbalanced horizontal tail load adds to torsion 
from vertical tail. 

Fuselage relieving loads at Station 277.5: - Vertical - 13,300? 
- Side - 1,91k«? 

Note: During the above test, the additional torsion caused by an 
increase in vertical tail load to 6,i>l0# was applied to the 
fuselage by applying vertical couple loads to the hori- 
zontal tail. 

Combined Dynamic Unsymmotrical Tail Loads 

A - Condition A 

Ultimate Vertical Tail Load . ii,000# 
Centroid of Vertical Tail Load - 28.5* Chord 
Ultimate Load Left Stabilizer - 6,710# Up 
Ultimate Load Right Stabilizer - 11,25C# Up 
Centroid of Horizontal Tail Load - 23.5* Chord 
Ultimate Fuselage Load Factor - 23 Down 

P - Condition B 

Ultimate Vertical Tail Load - it,00O# 
Centroid of Vertical Tail Load . 23.5* Chord 
Ultimate Load Left Stabilizer - 6,710# Up 
Ultimate Load Right Stabilizer - 11,250*' Up 
Centroid of Horizontal Tail Load - 33.3* Chord 
Ultimate Fuselage Load Factor > 23 Down 

C - Combination B 

Ultimate Vertical Tail Load - Ll,521*' 
Centroid o<* Vertical Tail Load -  23.1,1 Chord 
Ultimate Load Left Stabiliser - 5,313*7 Down 
Ultimate Load Right Stabilizer - h,3Shä Down 
Ultimate Fuselage Load Factor - 2.625 Down 

Aileron Load - 3,22S# Ultimate 
Load C.P.  -  ,iik CajLieTon 

Tab Load -  -6l# Ultimate 

Deflection - h0° 
Total Ultimate Flap Load -  2,753/? 
Load C.P.  -   ,U5 Cf aft of 

In conducting the combined Dynamic Unsymmetrical Tail Load Condition B,   the 
center of pressure used was 33.3 percent of the horizontal!, tail chord instead o' 
lil.U percent as used  for the symmetrical condition.     This  revised center of 
pressure location was used to obtain a more realistic loading condition. 
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It should be noted that in the Rolling Pull-Out Condition the vertical tail 

was tested for an ultimate load of 6,105 pounds even though the Lockheed F-80C 
airplane was tested for a vertical tail load of 6,hl0  pounds. When the criterion 
for the magnesium F-80C airplane was set up, the vertical tail load was set at 
6,105 pounds. However, an ammendraent to the original criterion was made in- 
creasing the load to 6,1|10 pounds but only after the fin had been fabricated. 
Since it was not feasible to reinforce the existing fin, a deviation was granted 
allowing the Contractor to use the 6,105 pounds load. The fuselage was designed 
for the effects of the 6,UlO pounds vertical tail load. Therefore, in conducting 
the first series of Rolling Pull-Out Condition tests the fin load was limited to 
6,105 pounds but the torsion from the larger load was introduced into the 
fuselage by means of a couple applied to the horizontal tail. 

The Rolling Pull-uut Condition was re-run at the completion of the test pro- 
gram for a vertical tail load of 6,lil0 pounds in order to eliminate the deviation. 
The correct loading was carried through the aft fuselage up to station 277.5 

The first test for the Rolling Pull-Out Condition was conducted on ii November 
1953. This test was discontinued at 70 percent ultimate load due to the formation 
of sharp buckles in the fuselage side skin between station 263-252 and 238-228 at 
Water Line 106. Slight skin buckling waa also evident below Water Line 100. The 
skin buckling occurred in the region forward of the engine mounts where the 
structure is semi monocoque, containing only frames and skin. 

The fuselage was reinforced by adding intercostal angles between stations 
228.3-238, 238-2Ü5.5, 21*5.5-252, and 252-263 at Water Line 106.59. These angles 
were clipped to the frames. The intercostal angles were made from an equal-leg 
magnesium extrusion of ZK60-T5 alloy, one inch by .125 thick. 

The second test for the Rolling Pull-Out Condition was conducted on the 19th 
of November 1?53 and was discontinued at 60 percent ultimate load due to the 
formation of deep skin buckles in the side skin at the same fuselage stations as 
noted in the previous test but below Water Line 100. 

To reinforce the fuselage in the region of the deep buckles, the same re- 
inforcements as used for Water Line 106.59 in the previous test were added at 
approximately Water Line 57.59. The reinforced fuselage between fuselage stations 
228-263 is shown in Figure 3li. 

The reinforced fuselage was then tested for the Rolling Pull-Out Condition 
and satisfactorily supported 100 percent ultimate load. At 90 percent ultimate 
load, the trailing edge skin of the fin at Water Line liiO had a considerable 
bow. In addition, the fin skin between beams at approximately Water Line liiO 
had a compression buckle. In reference to the aft fuselage section, skin buckles 
appeared at 80 percent of ultimate load. These skin buckles were slight and 
appeared on the upper left side of the fuselage aft of station 277.5.  (Note: Fin 
load applied to the left for this condition.) 

The aft section of the fuselage and the empennage in the Rolling Pull-Out 
Condition at 100 percent ultimate load is 3r.own in Figure 35. 
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The fuselage test for Condition IV was conducted in three steps up to 
60 percent ultimate load. Step one, fuselage vas loaded to 60 percent with 
the 12 "0" down load. Step two, test was repeated with the 12 "0" load plus 
dire brake load and engine thrust up to 60 percent load. Step three, test 
was repeated with the sane load as step two with the addition of cabin 
pressurization. Step three loads were carried to ultimate. The test setup 
is shown in Figure 36 for the 80 percent loading condition. 

At 70 percent ultimate load for Condition IV, shear buckles became evident 
in the fuselage side skin between stations 277.£ and 227.8.  It 90 percent 
ultimate load, the fuselage side skin between stations 236 and 263 buckled 
severely. These buckles are shown in Figure 37. A lower riew of that area 
showing the buckled edge of the skin in the flap motor area cutout is shown in 
Figure 38. 

These buckles between stations 238 and 263 became sharper as more load was 
applied and between 95 and 100 percent ultimate load the fuselage stringer 
located 21.75 degrees below Water Line 100 measured from the axis of symmetry of 
the airplane failed at station 2U5. (The failed stringer is shown in Figure 39«) 
The failure appeared to be caused by the instability of the eJ -inger across the 
top of the flap motor cutout between stations 2ü5 and 255* The fuselage 
momentarily supported 100 peroent ultimate load. The failure is shown in Figures 
39 and 1*0. 

At ultimate load for Condition IV, the maximum internal pressure applied to 
the fuselage was 6.1*5 psi or 95.5 percent of the ultimate pressure of 6.75 psi. 
Howerer, due to the failure of the fuselage no further pressuritation was 
attempted. 

In order to provide additional strength in the flight test F-80C magnesium 
fuselage it was decided to redesign the failed stringer to achieve at least 
two times the section modulus of the original section between stations 238 and 
263. 

The original stringer was a .75 x 1.00 x .063 bulb angle extrusion of ZK60A-T5 
magnesium alloy. The section modulus of the bulb angle extrusion was .0277 in3. 
The stringer vas revised into a channel section of 1.00 inch high having a leg 
of .75 inches against the skin and an outstanding leg of .50 inches. The thick- 
ness of this channel was constant and equal to .125 inches. The section modulus 
was .0600 in3 which is 2.16 times that of the original section. 

Since the fuselage momentarily supported 100 percent ultimate load no 
additional tests for Condition IV were neoessary. 

During the test for Condition 17 the dive flap and supporting structure, as 
previously noted, were tested for an ultimate load of 5,U10 pounds per flap at 
a flap opening of 35 degrees. The dive flap and supporting structure satis- 
factorily supported 100 percent ultimate load. 
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With the completion of Condition IV of the static teat program, the con- 
tractual requirements for the structural integrity were «et.  However, in order 
that additional tests could be conducted for comparison purposes with the 
standard F-80C aluminum parts, the failed fuselage section was arbitrarily re- 
inforced and testing was continued on the empennage and aft fuselage. 

The Rolling Pull-Out Condition was re-run for a load of 6,1*10 pounds on 
the vertical tail in order to eliminate the load reduction previously mentioned 
for the magnesium P-80C airplane. The correct loading was carried through the 
aft fuselage up to station 277.5» Relieving loads were applied to the engine 
mount to prevent further failure of the fuselage. The empennage and aft 
fuselage satisfactorily supported 100 percent ultimate load. 

During the destruction tests of the standard F-80C aluminum aft fuselage 
conducted at WADC, the standard aft fuselage supported an ultimate bending 
moment at station 277.5 of 1,171,000 inch-pounds. In order to check the magne- 
sium aft fuselage for the same condition, this up bending moment was applied to 
the aft fuselage without failure. 

The last series of tests were conducted on the horizontal tail. The hori- 
zontal tail of the standard F-80C was tested by Lockheed Aircraft for the 
Dynamic Symmetrical Up Tail Load of 22,500 pounds for the 25 percent and 50 
percent center of pressure locations. The standard tail supported 100 percent 
ultimate load for the 50 percent center of pressure location and failed between 
115 and 120 percent ultimate load for the 25 percent location. These tail 
loadings were reacted at Bulkhead Stations 376 and iiOO. The magnesium horizontal 
tail surfaces were tested for these conditions and satisfactorily supported 100 
percent ultimate load for the 50 percent center of pressure location and 120 
percent ultimate load for the 25 percent location without failure. The tail was 
mounted on the aft fuselage for test and the load was partially reacted at 
Stations 376 and 1*00. 

Typical setups for some of the loading conditions of the static test pro- 
gram are shown in Figures Ul, it2, and 1*3. 

EFFECTS OF FORMING TEMPERATORES ON MECHANICAL PROPERTIES 
OF MAONESIUM SHEET 

Wrought magnesium alloys, in any temper, work harden rapidly when formed 
at room temperature, hence the cold working possibilities are very limited. In 
common with most other metals, however, the workability of magnesium alloys is 
greatly improved at elevated temperatures. It has been generally known that 
annealing is a function of both time of exposure and temperature of exposure) 
thus high forming temperatures can be tolerated providing the time at such 
temperatures is carefully controlled in order to prevent a loss of mechanical 
properties associated with annealing. 
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The alloy with which the following discussion on forming magnesium at 
elevated temperatures is concerned, is designated as FS1 by the Dow Chemical 
Company, AMC52S by the American Magnesium Corporation and QQ-M-U* by the 
Bureau of Federal Supply. This alloy is a non-heat-treatable alloy furnished 
in two conditionsj "H2Ü11 which is cold worked for higher mechanical properties 
and "0" which is full annealed, sometimes designated as condition nA". 

From ANC-5 page 96, Reference 6, the design mechanical properties of this 
alloy for sheet stock are as follows: 

Annealed Hard Rolled 

Sheet Thickness        0.020 - 0.250        0.020 - 0.128 

Ftu (psi) 32,000 39,000 
Fty (psi) 15,000 29,000 
Fcy (psi) 12,000 2^,000 
Fau (psi) 17,000 18,000 
e, Elongation £ 12 k 
E inu 6.5 x 106 6.5 x 106 

G ink 2.U x  106 2ix 106 

W, lbs/cu.in. 0.061*5 0.061*5 

It should be noted that the above listed values are minimum guaranteed 
design properties. However, the typical mechanical properties are somewhat 
higher as shown in Table h,  Reference 7. For reference purposes, tba typical 
mechanical properties of FS1 are as follows: 

Hard Rolled 

U2,000 
32,000 
27,000 

16 

* Yield strength is defined as the stress at which 
the stress-strain curves deviates 0.2%  from the 
modulus line. 

An examination of the minimum guaranteed and typical mechanical pro- 
perties of FS1 magnesium sheet indicates that forming operations can be per- 
formed at elevated temperatures without reducing the mechanical properties 
below the ANC-5 minimum values. As previously stated, in order to guarantee 
the structural quality of finished parts, it is necessary to confine exposure 
at temperatures to certain predetermined time-temperature limits. Based on 
previous tests, the hard rolled magnesium FS1-H2I* sheet exhibits, in respect 
to strength, the property of integrating the effects of time of exposure to 
temperature. Curves for determining the limiting exposure time for various 
temperatures are shown in Figures Ui, ii5, and J46 and were obtained from Reference 
8. It should be noted that the curves have been extrapolated above the typical 
mechanical property levels of the FSl-H2ii sheet} however, in using these curves, 
if the value selected from a given curve should exceed the material's initial 
property level, the latter figure must, of course, be used. 
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Annealed 

Ftu (P«i) 
Fty (P»i) 
FCy (psi) * 
e, Elongation % 

37,000 
22,000 
16,000 

21 
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In using these curves to select a combination of time and tempersture 
for any hot forming operation on FS1-H2U magnesium sheet, a test check should 
be made for the hot forming operation employed since these curves only predict 
the effects of time and temperature on the room temperature mechanical strength. 

In Figure hi,  curves are presented for predicting the maximum permissible 
combinations of time and temperature to retain the minimum mechanical pro- 
perties specified in ANC-5. These curves are useful in establishing limits 
of single exposure for normal forming operations. 

Severe forming operations sometimes require repeated exposure to 
temperature to achieve the desired results. Tests conducted in Reference 2 
indicates that the effects of repeated elevated temperatures are cumulative. 

In the above reference, tests vere conducted to determine the effects 
of heat cycles on physical properties of magnesium FS1-H21* sheet. The results 
of these tests are presented in Figure 1+8 as a ratio of tensile strength after 
various heating cycles to tensile strength prior to heating versus number of 
cycles of exposure. In the referenced tests, specimens vere subjected to 0, 
If 2, 3, h,  and 5 heat cycles respectively. A heat cycle consisted of 
heating a specimen to a temperature of 300 - 350 deg. F and maintaining that 
temperature range for five (5) minutes and then allowing the specimen to cool 
to room temperature before the heating cycle was repeated. 

The results shown in Figure ii8 are presented to show the general trend 
and should not be used for design. However, the curves shown in Figure hh to 
U6 may be used to predict the effects of repeated elevated temperature ex- 
posures. Using Figure 1*6 as an example, suppose the magnesium sheet is held 
at 3U0 deg. F for five (5) minutes} the resulting design compresslve yield stress 
is then 25,200 psi. Then suppose the part is exposed for 30 minutes at 310 deg. F. 
Since 80 minutes at 310 deg. F is required to produce the value of 25,200 psi 
given by five minutes at 3Ü0 deg. F, the total equivalent exposure time at 310 deg. 
F is 110 minutes. Reference to Figure U6, the compresslve yield stress is then 
25,000 psi. 

An examination of Figure it? indicates that the compresslve yield strength 
dictates the selection of the temperature and time of exposure for hot 
forming magnesium alloy FSl-H2ii sheet and still maintain the minimum design 
mechanical properties as specified in ANC-5. 

For annealed magnesium sheet, the time-temperature relationship is re- 
latively simple since property reduction is not a problem and grain growth 
becomes the major item of concern in the region over 600 deg. F. To minimize 
grain growth, a forming temperature of 500 deg. F +25 deg. is recommended for 
FS1-0 Dowmetal alloy. Time at temperature can be Held for approximately one 
hour without any appreciable reduction in tne mechanical properties of the 
material. 

Dowmetal Mh (or M-H2U) may be heated to 375 deg. F _+25 deg. for any length 
of time without affecting the mechanical properties. A slight reduction in the 
mechanical properties is obtained if magnesium alloy Mh is heated for any 
length of time above the recommended temperature. The annealed alloy Ma (or M-o) 
is similar to that of FS1-0 magnesium alloy insofar as temperature-time re- 
lationship except that the maximum temperature limits are 600 deg. F +25 deg. 
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EFFECTS OF TEMPERATURE UN THE 3END RADII OF MAGNESIUM ALLOY SHEET 

The work hardening properties of wrought magnesium alloy, in any temper, 
when formed at room temperature presents many pr olems. Mininaun die radii for 
90 deg. bends for FS1-0 annealed sheet and FS1-H2U hard rolled sheet at room 
temperature is approximately five t.'.mes the sheet thickness for the former and 
approximately eight times the sheet thickness for the latter. Since the worka- 
bility of magnesium alloy is greatly improved at elevated temperatures, smaller 
bend radii can be used but controls must be exercised to limit preheating and 
forming time so that mechanical property specifications are maintained. 

The effects of temperature and time on the mechanical properties of 
FS1-H21; have been previously discussed, however, in order to correlate bend 
radius and temperature with time of exposure, the curves of Figure hi  have 
been extended to incorporate allowable die radii vs. temperature. The composite 
curves are shown in Figure U.9. 

The allowable die radius vs. temperature for FSl-H2lt presented in Figure 
h9  was obtained from Reference 9 and is based on a resultant 95% acceptable 
90 deg. bends. The minimum curve shown is based upon a small production run 
and is not recoranended for large scale production due to the large scrap rate 
that would result. 

Allowable bend radii for FS1-0, Mh, and Ma magnesium alloy are presented 
in Figures 50 to 52. The effects of temperature and time for the above alloys 
are not correlated with the mechanical properties since their effects are 
negligible in the working temperature range as specified for these alloys. 

The working temperature range for FSl-O, Mh, and Ma magnesium alloy is 
that as previously reported and noted below: 

Forming Temp. 
Alloy (Max") OF 

FSl-O 500°F +2£° 

Mh 375°F 725° 

Ma 6O0°F 725° 

FABRICATION OF MAGNESIUM ALLOT PARTS 

The working of magnesium alloys at elevated temperatures involves the 
development of new shop techniques and methods of heating both equipment and 
work. While the necessity for hot working magnesium alloy may, at times, be 
a drawback in regard to cost of equipment »nd operation, there are some aspects 
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of the hot working method which, at least partially and often entirely, offset 
this disadvantage. Hot working of magnesium alloy reduces or eliminates 
springback, thus making greater accuracy possible. In addition, it is generally 
possible to reduce the number of intermediate draws when hot working magnesium 
alloy sheet es compared to the number of steps in cold working aluminum alloy 
sheet. 

The methods employed and the equipment used for forming magnesium alloys 
are the aame as those used for other metals, except that the forming of magne- 
sium usually is done at elevated temperatures. Modification to equipment to 
incorporate heating of the work and tools is all that is necessary. 

When magnesium alloys must- be hot formed, it is desirable to preheat the 
sheet or extrusion to the working temperature. Time and temperature for pre- 
heating should be determined based on the equipment used to form the part, 
the amount of forming necessary, and the strength requirements of the part. 
Oas or electrically heated furnaces and contact type heaters such as hot 
plates or immersion baths can be used for preheating. The advantages of pre- 
heating compared to placing cold sheets in the die, are four-fold. Preheating 
assures proper forming temperatures, minimizes distortion due to internal 
stresses, keeps the dies at a uniform temperature, and increases the production 
rate. However, when parts are relatively small, preheating of the part is not 
necessary since the part will absorb sufficient heat for forming from the die 
without reducing the die temperature to any gieat extent. 

It is well to point out that when small quantities of magnesium parts 
are involved, the easiest and cheapest method of heating small sheets or blanks 
is to use a gas torch held directly on the work. The torch should be kept 
constantly in motion to prevent local overheating and the temperature of the 
part should be checked by means of a contact type pyrometer. While this method 
requires care to avoid overheating, sufficient experience will enable the 
operator to handle the torch properly to obtain satisfactory results. 

The problem of forming temperature and the time of exposure at tempera- 
ture and its relation .0 the mechanical strength of FSl-H2ii magnesium alloy 
sheet is completely covered in the preceeding pages. An examination of the 
data presented indicates that the maximum forming temperature for FS1-H2U 
magnesium sheet in consideration of the allowable bend radii is approximately 
375 deg. F. This temperature results in a maximum exposure time of only three 
minutes based on the allowable compressive yield strength as shown in Figure 
hi.    However, a three minute exposure time is too short for practical forming 
and handling. As a result, a temperature limit of 3$0 deg. F is recommended for 
all hot forming operations on FS1-H2U magnesium alloy sheet. This temperature 
results in a maximum exposure time, reference to Figure hi, of approximately 1$ 
minutes based on the compressive yield strength, and approximately 20 minutes 
based on the tensile yield strength. 

In order to maintain quality control of hot formed magnesium alloy sheet 
of FS1-H21, the following specification is recommended since most forming 
operations other than stretch press and drop hammer forming requires a short 
period of timej 

"Part may be heated to a maximum temperature of 350 deg. F for not 
over 5 minutes. Four (li) reheates may be permitted." 
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In the following discussion, several methods used in forming magnesium 
alloy sheets and extrusions are presented. 

Shearing and Blanking 

Magnesium alloy sheet can be blanked, punched, and sheared much the 
same as other metals. On sheets thicker than approximately O.O6I1 inches, a 
characteristic rough, flaky fracture is obtained. To minimize this rough 
fracture and obtain best results, the following procedure is recommended. 

For shearing, the clearance between blades should be as small as can be 
used without scoring the blades. A maximum clearance of three to five percent 
of the thickness of the sheet is recommended. To reduce the flaky fracture, 
a shearing or rake angle of 30 to U5 degrees on the upper shear blade should be 
used. In addition, employing hold-down pressure on the sheet in the shear will 
improve the edge condition of the sheared sheet. 

When a very smooth edge cut is required, the sheared edge may be improved 
by a double shearing operation known as "shaving". This consists of removing 
approximately 1/32 to l/l6 of an inch by a second shearing. 

Improvement in the condition of sheared edges, particularly on heavy 
sheet and plate, may be obtained by hot shearing where feasible. Annealed 
sheet may be heated to 500 deg. F but the maximum temperatures for hard rolled 
Dowmetal sheet are ar follows: FS1-H21* - 2>0 deg. Fj J-1H - kOO deg. Fj anoY 
MH - 375 deg. F +23> dt>f,. The temperatures presented for hard rolled magnesium 
sheet should not be exceeded in order to prevent a loss in the mechanical pro- 
perties of the material. The effects of heat on the mechanical properties of 
magnesium alloy sheet has previously been discussed and are not covered in this 
section. 

When hot shearing operations are employed, it is necessary that slight 
dimensional allowances be made for the thermal expansion of the magnesium alloy 
sheet. 

For blanking and punching operations, small clearances, as required for 
shearing, are desirable on the tools employed. Dies should be set up with as 
little clearance as possible to obtain good sheared edges. The clearance be- 
tween the punch and die should be held to a maximum of three to five percent of 
the thickness of the material. Clearance angles should be sufficient to permit 
extraction of punchings and minimize binding of the punch. Shear angles are 
placed on the female die or the punch depending upon which sheared edge is to 
have the best surface and should oe from two to three degrees. 

Blanking and punching operations on magnesium alloy sheet are usually done 
cold. Rot blanking and punching are possible but not recommended. 

If an extremely smooth edge is desired, sheared or blanked parts should 
be routed or filed. 

Hand Forming 

When intricate contours are to be developed on small parts and the quan- 
tity requirements are small, hand forming may be employed. However, thia method 
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is not recommended on large part* requiring a great deal of forming alnce It 
is difficult to maintain time of exposure at temperature within the specified 
limits and still complete the necessary forming. 

In hand forming, aluminum alloy form blocks and backing plates are used. 
The blook and backing plate are brought up to working temperature on a hot 
plate. The preheated blank to be formed is clamped between the heated form 
block and backing plate. Form blocks and backing plates are usually heated to 
37$ - bOO deg. F to compensate for loss of temperature from transferring dies 
from hot plate to set up area. The heated assembly is then placed in a rise 
and deformation is carried out by hammering with a leather maul. The assembly 
is maintained at the working temperature by applying torch heat to the die block 
as required. A contact pyrometer should be used to check the working temperature 
and to avoid overheating of the work. 

In hand forming operations, the maxim« exposure time of 20 minutes is 
sometimes exceeded but, it is felt that the exposure time can be extended to 
twice that amount since the time at 350 deg. is very small due to heat loss. In 
addition, the mean temperature during the hand forming operation is estimated to 
be 330 deg. F. Reference to Figure kl  indicates that an exposure time of 70 minutes 
can be employed at a temperature of 330 deg. F based on the compressive yield 
stress at room temperature. Therefore, extending the exposure time to UÖ minutes 
is considered conservative. 

Typical hand formed parts are shown in Figure 53« The tools employed for 
two of the parts shown are presented in Figure $h  and the hot plate used for pre- 
heating the form block and backing plate is shown in Figure 5>5. 

It is to be noted that the lightening holes are preformed in a press by 
employing standard dies. These dies are preheated to 375 deg. F and the work 
obtains its heat by contact. The time of exposure to temperature for forming 
the lightening holes is approximately 60 seconds and is, therefore, not considered. 

Bending 

Machine bending is frequently used for the manufacture of stringers, clips,, 
stiffeners, and other parts which can be readily formed by bending sheet or strip. 
A press-type brake is used almost exclusively because of the ease with which it 
can be equipped with strip electric heaters on either side of the dies. Bends 
of the smallest possible radii are obtainable if a very slow press speed is used 
to finish the bend. When possible, both the dies and the work should be heated. 
If the dies alone are heated, the work will absorb heat by contact. If the work 
alone is heated, the bending operation must be rapid, before the dies dissipate 
the heat at the bend. Heat dissipation to the die can be retarded by heating the 
die with a torch. A contact pyrometer should be used to avoid overheating of die. 

Bend radii of 90 deg. bends for various working temperatures are presented 
in Figures Ii9 to 52. In forming hard rolled FS1-H2Ü magnesium sheet the maximum 
allowable working temperature is 350 deg. F as previously noted. Reference to 
Figure U9, the sin1 mm allowable bend radii is then 3t where "t" is the thickness 
of the material. However, for large production runs a Ut bend radius is re- 
commended in order to reduce the scrap rate due to cracked parts. 
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In preparing the blank materiil for bending, It la necessary to deburr 
and polish the ends of the blank in the region of the bend in o,~der to pre- 
vent cracking of the material. Whenever possible, bends should be made parallel 
to the grain direction because of the greater elongation of aagnesiusi sheet in 
the transverse direction. 

Typical brake bend formed parts of FS1-H2J* magnesium sheet are shown in 
Figures 56 and 57. Flanged lightening holes are preformed prior to brake 
bending. 

When the radius of bend is large enough to permit cold forming, ordinary 
bending rolls are satisfactory for forming single-curvature magnesium alloy 
sheet and extrusion. 

Extrusion Bending 

Bars and extrusions can be bent in production on standard equipment, 
such as angle rolls, stretch formers, tangent benders or in press dies. Parts 
are preheated depending on the severity of the bend, shape, size, and alloy 
of the material. Toroh heating and hand forming are often used where small 
number of parts are to be formed. 

The maximum formability of ZK-60-A magnesium alloy extrusions is obtained 
at about 500 deg. F. In the aged condition (ZK-60A-T5), the metal is formed at 
350 deg. F or less to prevent loss of room temperature properties. If the time 
at these temperatures is limited to 1/2 hour, there will be no significant 
decrease in room temperature tension or compression properties. 

Allowable bend radii depend on the shape and cross section of the 
extrusion. On simple sections, bend radii of 2t have been obtained at 500 deg. F, 
increasing to 8t at 300 deg. F, and lot to 12t at room temperature for ZK-60A 
magnesium alloy extrusion. For ZK-60A-T5 magnesium alloy extrusion in the heat- 
treated and aged condition, allowable bend radii of 8t at a working temperature 
of 350 deg. F can be obtained on a simple section. 

Shalic. Drawing and Pressing 

In shallow drawing, the parts are more pressed than drawn, since there la 
very little metal flow. Wing ribs, door-reinforcing panels, and fairings are 
typical examples of parts fabricated by this method. The Ouerin process of 
using a rubber pad as the female die is most frequently used. In the Ouerin 
process, a rubber pad 6 to 10 inches thick of about 60 Durometer is contained 
in a metal box and acts as the female die. In adapting this process to magne- 
sium forming, it is necessary to use heated dies. This is accomplished by 
placing the dies on a heated platen or for more complicated dies, by inserting 
heating elements into the die itself. When parts are relatively small and flat, 
they will absorb sufficient he»t for forming from the dies; however, work blanks 
for larger and more intricate parts should be preheated. 

To prevent the rubber from sticking to the formed part, oornstaroh or 
flaked mica is spread on the backing plate and along the exposed parts of the 
blank prior to pressing. Ordinary rubber is satisfactory for temperatures up 
to 350 deg. F. Synthetic rubbers or specially compounded natural rubbers are 
required for higher working temperatures up to U50 deg. F. 
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In using the 3uerin process for forming ribs and bulkheads, a metal back- 
ing plate should be used in conjunction with the die. This backing plate, when 
placed over the blank to be formed, would stabilize the web thus reducing the 
tendency for the web to wrinkle. The use of the backing plate results in less 
rework of formed parts. 

If a few parts are required and the forming die is relatively small, pre- 
heating of the die and backing plate can best be done on a hot plate. The hot 
plate should be placed close to the press and a thin asbestos sheet should be 
placed between the die and the press platen in order to avoid loss of heat to the 
press platen. 

Some typical formed parts are shown in Figures $8 to 61. Typical aluminum 
dies and backing plates are shown in Figure 62. 

Drop Hammer Forming 

Magnesium alloy sheet is most formable by methods involving slowest rates 
of loading which is definitely not the characteristic of the drop hammer. This 
means that maximum temperatures must be used to take advantage of the higher 
elongation and the rapid impact action of the hammer must be slowed to a minimum. 
The forming machines that can be used include the free fall, rope controlled 
hammers, and the pneumatic Chambersburg Cecostamps. 

Die heating is accomplished in two ways, either by an electrically heated 
platen installed on the bed of the hammer or by torch heating the die. In order 
to prevent creep or the danger of flattening, the Kirksite die which is normally 
used, is limited to a temperature of 300 deg. F. This temperature is considered 
the maximum allowable temperature for Kirksite. The temperature of the lead 
punch is maintained at 200 deg. F and is netted by conduction from the die. It is 
felt that the marl mum permissible temperature for the lead punch is 200 deg. F. 

For heating of flat sheet or formed parts, circulating air type ovens are 
recommended. However, a Propane burning torch may be used for small production 
runs providing a contact pyrometer is used to check the temperature of the work 
so as to avoid overheating, A typical set up is shown in Figure 68. 

In order to reduce the tendency for magnesium to gall at elevated tempera- 
tures, a drawing lubricant is necessary. Colloidal graphite suspended in a 
suitable carrier can be used providing the formed part is thoroughly cleaned after 
forming. However, it is well to point out that graphite presents a difficult 
cleaning problem. A satisfactory substitute such as vegin reduces the problem 
of cleaning to some extent. 

in order to take advantage of the higher mechanical properties of hard 
rolled magnesium alloy sheet FS1-H2Ü, an attempt was made to form .061* gage 
FSl-H2li magnesium alloy sheet by means of the drop hammer. Based on minimum 
mechanical properties of the material, the time-temperature relationship was 
limited to 35>0 deg. F +2$  deg. This limitation on the temperature range was 
felt to be the maximum allowable temperature consistent with the strength re- 
quirements. 
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Numerous tests were conducted without any success. A typical failure 
specimen is shewn in Figure 63. It is well to point out that the fomability 
of the material would increase with a further increase in temperature but, the 
time of exposure at temperature is not considered practical as can be seen from 
an examination of Figure U7. 

Based on the tests conducted on FSl-H2li magnesium alloy sheet, the use of 
the drop hammer in hot forming FS1-H2U magnesium alloy sheet is not recommended 
unless forming is limited to simple shapes having maximum compression of approxi- 
mately five percent or pure stretch of about ten percent. 

Additional tests were conducted to form FS1-0 magnesium sheet in the 
annealed condition. It has been found that this material is more suitable for 
drop hammer forming. 

For annealed magnesium sheet the time-temperature relationship is relatively 
simple since property reduction is not a problem and grain growth becomes the 
major item of concern in the region over 600 deg. F. As a result 500 deg. F was 
chosen for the maximum allowable temperature and the time of exposure was chosen 
as one hour. 

Typical hammer formed parts from annealed magnesium sheet are shown in 
Figures 69 end 70. 

The Kirkslte dies used for the drop hammer work were fabricated from a male 
template build-up. This build-up is used as the mold pattern after the voids 
in the build-up are filled with plaster of parls and also used as a check fixture 
to check the contour of the formed parts. 

Typical build-ups are shown in Figures 71 and 72. 

Based on results obtained, magnesium alloy sheet in the annealed condition 
is as formable in the upper temperature limit as 3S-0 aluminum sheet. Fewer 
compression wrinkles occur from the use of magnesium sheet than from the use of 
2I4S-O in the same die. However, when severe  drawing is necessary, drop hammer 
forming is not recommended. Drop hammer forming of magnesium alloy should be 
limited to shallow draws and stampings which should be done at approximately 
500 deg. F. 

The formability of hard rolled sheet in the drop hammer at 375 deg. F is 
only slightly better than that of 75S-T6 aluminum alloy at room temperature. 

MACHININO OF MAONESIUM 

One of the outstanding advantages of magnesium alloy is its excellent 
machining characteristics. Magnesium alloy can be machined at extremely high 
speeds; usually at the maximum obtainable on modern machine tools. Heavier 
depths of cut and higher rates of feed than are used on other metals are 
possible with magnesium. In spite of this, the life of cutting tools is ex- 
cellent, especially when using carbide tipped tools. The surface finish when 

88 



89 



90 



91 



92 



93 



9U 



95 



96 



97 



98 



machining magnesium is excellent because there ie no tendency for the metal to 
tear or drag. The free cutting action of magnesium produce« veil broken chips 
which do not obstruct the cutting tools or the ««chine. Extremely accurate parts 
with dimensional tolerances of only a few ten thousandths of an inch can be made 
by standard machining operations. The power required to remove a given amount 
of metal is much lower for magnesium than for any other en—only used metal. 

Tools for cutting steel will often perform satisfactorily on magnesium} 
however, better results may be obtained by modifying the cutting tools to take 
advantage of the lower cutting resistance and lower specific heat. 

When if"hi n1ng magnesium,tools can generally be ground with sharper cutting 
angles, since required cutting pressures are lower than with other metals and the 
edge consequently requires less backing. It is essential that the cutting edges 
be kept sharp and that the tool faces be polished in order to insure free cutting 
action and also to reduce the tendency for magnesium particles to adhere to the 
tool tip. The tool clearances should be large, 10 to 15 degrees, and tools should 
be designed to allow for ample chip room. Large feeds may be used as this will re- 
duce the amount of frictional heat developed. 

Turning and Boring 

Lathe set-ups, with due consideration of the more careful chucking of magne- 
sium and slight differences in tool design, are similar to that used for steel. 
The turning tool design may be considered as a compromise between the conflicting 
requirement« of high cutting capacity and long tcx Hfe. It should be noted 
that an increase in rake will reduce the cutting powe:* required) however, it 
would also reduce the tool life. 

Typical turning tool angles for cutting magnesium are shown In Table I. 
Included in this table are the values for other metals. The terminology 
ployed is that of the American Standards Association as shown in Figure 73. 

Table I - Typical Turning Tool Angles 

Soft Steel * Magnesium 
1    ■■■ -—— 

Aluminum *» 

Back Rake 
Side Rake 
Side Relief 
End Relief 

80 
22° 

60 
60 

10-20° 
5-10° 
8 - 15° 
8 - 15° 

30 - 50° 
10 - 20° 
8-10° 
3-10° 

End Cutting Edge Angle 
Roughing Tool 
finishing Tool 60 

15° 
5° 

Side Cutting Edge Angle 
Roughing Tool 
Finishing Tool 1*5° 

15 - 25° 
100 

« Reference h,  page 905. 
** Reference h,  page 1315. 
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NOSE   RADIUS 

SIDE CUTTING  EDGE ANGLE 

END CUTTING   EDGE ANGLE 

BACK   RAKE  ANGLE 

ri 
END  RELIEF ANGLE 

SIDE RAKE ANGLE 

SIDE   RELIEF ANGLE 

FIG.  11 - TERMINOLOGY   OF   SINGLE   POINT   TOOLS   ACCORDING  TO  THE 
AMERICAN    STANDARDS   ASSOCIATION 
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When carbide tipped tools are used, the rake argles noted in Table I 
should be »lightly smaller to provide more support for the cutting edge. In 
reference to the side and and cutting edge angles, they may be varied widely 
to suit the particular Job, but side cutting edge anglee above approximately 
ho deg. may cause chatter. Nose radii should be kept small to avoid rubbing 
of the work on the end of the tool thus avoiding overheating of the work and 
reducing the fire hazard. 

For the speeds,feeds, and depths of cut for turning and boring magne- 
sium, the general rule is to turn and bore magnesium as fast as the machine 
tool, fixture, and work will allow. 

Table II presents general recommendations for determining depths of 
cut, feed, and speeds for turning and boring magnesium. The data was obtained 
from Table 3 of Reference 5. 

Table II - Recommended Speeds, Feeds, and Depth of Cut 
For Turning and Boring Magnesium 

Operation Speed 
fpm 

Feed 
ipr 

Max. Depth of Cut 
Inches 

Roughing 

300-6O0 
600 - 1000 

1000 - 1500 
1500 - 2000 
2000 - 5000 

0.030 - 0.100 
0.020 - 0.080 
0.010 - 0.060 
0.010 - O.OliO 
0.010 - 0.030 

0.500 
O.liOO 
0.300 
0.200 
0.150 

Finishing 

300-600 
600 - 1000 

1000 - 1500 
1500 - 2000 
2000 - 5000  —  

0.00$ - 0.02$ 
0.00$ - 0.020 
0.003 - 0.015 
0.003 - 0.015 
0.003 - 0.015 

0.100 
0.080 
0.050 
0.050 
0.0$0 

Shaping and Planing 

Practically the same tool design and machining recommendations as out- 
lined for turning and boring oan be applied to the shaping and planing of magne- 
sium. Deviations from the recommended tool shapes can be made in accordance 
with the particular Job as long as sharp cutting edges and sufficient relief 
angles are used. 

In shaping and planing, the marl mom cutting speeds are much lower than the 
recommended euttirg speeds for turning and boring. Economies in operation are 
usually affected through use of heavy feeds and depths of out which are made 
possible by the lower power required to machine magnesium. Cutting fluids are 
usually unnecessary Inasmuch as the cutting speeds used do not create a fire 
hatard. 

Milling 

Milling operationa provide an opportunity to take full advantage of the 
excellent machining characteristics of magnesium. Heavy feeda and extremely 
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high milling speeds can be used to remove metal rapidly with excellent surface 
finish. 

The tooth design of the milling cutter for magnesium is similar to that 
for aluminum alloys, but differs from that customarily used for steel by having 
higher rakes, greater reliefs and increased chip space. For a given cutter 
diameter, the recommended number of teeth for cutting magnesium is about two- 
thirds of that used for aluminum, and one-half to one-third of that used for 
steel. This reduction is made possible by the low cutting resistance of 
magnesium. Furthermore, fewer teeth are desirable in order to reduce the 
amount of heat generated in cutting and to provide ample chip space. 

High-speed steel can be used satisfactorily on all types of milling cutters 
but cemented carbides are superior for inserted tooth face mills and fly cutters 
which operate at high speeds. Single and multiple tooth fly cutters perform ex- 
ceptionally well on magnesium alloys. 

Approximate tool angles for various types of milling cutters are shown in 
Figure 7h.    Negative face rake angles are sometimes used on face mills to throw 
the chips out of the cutter. Helical slab sills should have helix angle of 
approximately It5 degrees. 

If a limited production is required, it has been found that standard 
milling cutters used for aluminum can be used for machining magnesium alloy pro- 
viding that the teeth are ground to provide for larger peripheral clearance of 
approximately 10 deg. followed by a secondary clearance of approximately 20 deg. 
When using standard cutters reground as noted, the cutting speeds must be re- 
duced due to the increase in frictional heat generated by the larger number of 
cutting teeth and the reduced chip clearance. 

Approximate cutting speeds to be used in milling operations for magnesium 
alloy are presented In Table III and were obtained from Table h,  Reference 5. 
Since a wide variety of feeds and depths of cut are possible, only general 
recommendations are presented. 

Table III - Recommended Speeds, 
Feeds, and Depths of Cut For 

Milling Magnesium 

Operation Speed 
fpm 

Feed Depth of 
Cut 

Inches In/Min. In/Tooth 

Roughing 
Up to  900 

900 to 1,500 
1,500 to 3,000 

10 to 50 
10 to 60 
15 to 75 

0.005 to 0.025 
0.005 to 0.020 
0.005 to 0.010 

Up to o.5oo 
Up to 0.375 
Up to 0.200 

Finishing 
Up to  900 

1,000 to 3,000 
3,000 to 5,000 
5,000 to 9,000 

io to 5o 
10 to 70 
10 to 90 
io toia> 

0.005 to 0.015 
O.OOli to 0.008 
0.003 to 0.006 
0.002 to 0.005 

Up to 0.075 
o.oo5 to o.o5o 
0.003 to 0.030 
0.003 to 0.030 
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Drilling 

Best results in drilling magnesium alloy are obtained if the drills are 
correctly designed for the type of drilling being performed. Three types of 
drills will effectively service all drilling operations. These types of drills 
include drills for sheet metal, shallow holes (depth less than fivb times the 
drill diameter), and deep holes. 

Standard high speed twist drills with a helix angle of approximately 35 - 
UO deg. and standard point angles of 118 deg. are satisfactory for drilling magne- 
sium alloy providing that the flutes are highly polished to facilitate the flow 
of chips out of the hole. It is also extremely important, no matter what type of 
drill is used, that the cutting edges be kept sharp. Dull drills give poor 
surface finish, undersized holes and burrs, and tend to heat up the work. 

For maximum production and quality of drilled holes, slight modifications 
of standard drills are recommended for drilling sheet and deep holes. The 
modified drill for drilling magnesium sheet should have a point angle of 
approximately 60 deg. in order to prevent nwalking', of the drill, the reduce 
thrust, and to prevent abrupt change of thrust when breaking through. A helix 
angle of approximately 10 deg.will prevent the work from climbing the drill on 
the break-through. 

Drilling deep holes in magnesium produces an appreciable quantity of 
chips which must be guided out of the hole through a considerable length of 
drill flute. High-helix drills (1*0 - U5 deg.) will do this satisfactorily. 
Flutes should be opened and polished to provide larger chip spaces and smooth 
surfaces to aid in chip removal. Drills with low helix angles and with unopened 
flutes may cause chips to jam, resulting in high torques and poor surface finish. 
The latter type of drill will have to be withdrawn frequently to cxear the flutes, 
whereas a high-helix drill can penetrate to 25 times the drill diameter in a 
single pass. 

In reference to the chisel edge angle of the drill for deep-hole drilling 
in magnesium alloy, angles of 135 - 150 deg. are recommended and are considered 
essential in order to provide a good surface finish and to minimise the 
tendency of spiralling in the hole. Angles smaller or larger than those re- 
commended cause difficulties due to improper relief at the cutting edge and 
the lack of proper centering of the dri21. The standard drill point angle of 
116 - llf deg. has been found to be the most satisfactory) however, to reduce 
spiralling and to insure straight smooth holes, a spur or pilot point of 60 deg. 
ground at the center of the drill is recommended. 

The fact that a drill made to the design recommendations for deep hole 
drilling in magnesium alloy can be used to drill holes up to 25 times the 
drill diameter without withdrawing the drill to clear the flutes is of parti- 
cular importance in the use cf multiple spindle or automatic drilling machines. 

Recommended speeds and feeds for drilling magnesium are presented in Table 
IV. Wide deviations from the recommended feeda can be used when drilling 
shallow holes but the recommendations for deep hole drilling should be closely 
followed for best results. 
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Table IV - Recommended Speeds and Feeds for Drilling Magnesium 

Drill 
Dia. 
Inches 

Speed 
fpm Sheet 

Feed - ipr 

Shallow Holes* Deep Holes** 

1/2 
1 

300 
to 
2,000 

0.005 to 0.030 
0.010 to 0.030 
0.010 to 0.030 

0.OOÜ to 0.030 
0.015 to 0.01*0 
0.020 to 0.050 

0.001* to 0.008 
0.012 to 0.020 
0.015 to 0.030 

Table 17 was obtained from Reference 5. 

* Depth less than 5 times drill diameter. 
*« Depth greater than 5 times drill diameter. 

Reaming 

For most reaming of magnesium alloy, carbon tool steel reamers are quite 
satisfactory. High-speed steel tools (or carbide-tipped, in some cases) are 
more feasible for long production runs. 

Reamers for magnesium alloys should have fever flutes than normal for best 
results. Reamers under approximately one inch in diameter should have four 
flutes, while those over one inoh in diameter should have six flutes. The flutes 
may be straight (0 deg. helix angle) or have a negative helix angle of approxi- 
mately 10 degrees. 

For best results, reamer blades should have a positive rake of about 5 to 
9 deg., a marginal width of 0.010 to 0.025 inches, ground to a relief of about h 
to 7 deg. and blending into a 15 to 20 deg. clearance angle. 

The reaming allowance on drilled holes should be sufficient to permit 
the reamer to take a positive cut, thereby avoiding compression of the metal 
through burnishing and resultant poor finish and undersized holes. An allow- 
ance of approximately 1/32 of an inch on a oi^aeter should be sufficient for 
reaming holes in magnesium alloys. 

Cutting Fluids 

The use of cutting fluids when machining magnesium is primarily to cool 
the work and reduce the possibility of distrotion of the work and ignition of fine 
chips. The improvement in surface finish and increased tool life which cutting 
fluids accomplish on other metals are minor considerations in the machining of 
magnesium. Such fluids are referred to as "coolants" when used on magnesium. 

While less heat is generated in cutting magnesium than is the ca.-e with 
other metals, the high cutting speeds, the high thermal expansion, and the low 
heat capacity of magnesium make it necessary In some machining operations that 
the heat developed in cutting be dissipated. Machining heat may be reduced 
by correct tooling and machining techniques, but is often of such intensity that 
application of cutting fluids is necessary. The machining of irregular shapes 
or thin sections which might be easily distorted and multi-tool set-ups which 
create much local heating, are examples of cases where cooling should be em- 
ployed. 
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When high cutting apeeda and low feeda are uaed in machining magnesium 
alloy, a fire hazard aometinea exists, particularly when fine chips are being 
produced. Although sharp tools greatly reduce this hazard and cutting feeda 
must be in the range of 0.001 inch and leas to start fires, uncertainties in 
operations make it necessary to take precautions against this hazard. A 
stream of cutting fluid, of four to fire gallons per minute per tool, is suffi- 
cient to practically eliminate the fire hazard. If a particular job or machine 
tool prohibits the use of a cutting fluid, cutting speeds should be reduced 
to belov 500 feet per minute and the recommendations regarding sharp tools 
and feeds should be rigorously followed. In all machining operations where 
a low cutting rpeed is used, magnesium may be safely machined without a 
cutting fluid, but safe practice dictates that where high cutting speeds are 
used cutting fluids should also be used. 

A wide variety of mineral oil cutting fluids will function satisfactorily 
on magnesium. 

Properties of cutting fluids recommended for machining magnesium are 
as follows: 

Specific Qravity 0.79 to 0.86 
Viscosity (Saybolt) 9 100°F Up to 55 aec. 
Flash Point - Min. Value 

(Closed Cup) 160°F 
Saponification No. (Max.) - -   .16 
Free Acid (Max.)  0.2* 

The chemical nature of magnesium makes it necessary that the free acid 
content of cutting fluids be below 0.2* and that the use of vegetable or 
animal oils, which may oxidise and increase the acid content, be restricted. 

Water soluble oils, oil water emulsions or water solutions of any kind, 
although they are good coolants, should not be used on magnesium. Water will 
greatly intensify any chip fires which might accidently be started. 

Fire Hazard Due to Machining 

Magnesium alloys must be heated to their melting points before they will 
ignite. Roughing cuts and medium finishing cuts produce chips of such a size 
that they are not readily ignited during machining. Fine cuts, however, pro- 
duce chips which sometimes will Ignite if produced at high cutting speeds. 
Stepping the feed and letting the tool dwell before disengagement, and letting 
the tool or tool holder rub on the work will produce extremely fin» chipsj 
consequently, these practices should be avoided. 

Factors tending to increase the fire hazard aret high cutting apeeds, 
extremely fine feeda, dull or chipped tools, improperly designed tools, and 
poor machining techniques. With sharp cutting tools, it is necessary to use 
a feed of less than 0.001 inches and cutting apeeda in exceaa of 1,000 feet 
per minute to create a serious fire hazard. Sven under the most adverse 
conditions, that is with dull tools and fine feeds, the fire hazard is very 
slight at speeds below approximately 700 feet per minute. 
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Sand cast surfaces, oxide inclusions, and ferrous inserts wnich will 
cause sparks whan hit by the cutting tool, increase the possibility of fire. 

The use of a sufficient quantity of cutting fluids will practically 
eliminate any possibility of fire when machining magnesium at any cutting 
speeds. 

Distortion of Machined Parts 

Distortion of magnesium parts occurs infrequently during machining and 
usually can be attributed to heating of the part or to improper chucking. 

The problem of distortion caused by heating of the part during 
machining can be reduced by using sharp, properly designed tools and re- 
latively large feeds and depths of cut to prevent excessive heating. An adequ- 
ate quantity of cutting fluid also will remove the heat developed in cutting 
and eliminate thermal expansion. 

The fact that magnesium will spring more easily than most metals makes 
it essential that parts be chucked in such a manner that the clamping pressure 
is applied to heavy sections and that the pressure is not great enough to 
cause distortion. Special attention should be paid to light parts which might 
easily be distorted by chucking or heavy outs. Once acquainted with this 
characteristic of magnesium alloys, the machinist can easily avoid difficulties 
due to chucking. 

Distortion of magnesium parts is seldom due to stresses induced during 
casting, forging, or extrudingj but may be due to stresses caused by straighten- 
ing of parts. These stresses can be relieved prior to machining by heating 
at 325 - U50 deg. F for 1 to 2 hours depending on the alloy and temper, and 
slowly cooling. If distortion of parts occurs after rough machining, the size of 
cuts should be decreased and the cutting tools inspected to insure that they 
are properly ground and in good condition. These steps usually eliminate any 
difficulties but it may be necessary to stress relieve or store parts for two 
or three days prior to finish machining. This procedure usually is necessary 
only on complex parts having extremely close tolerances. 

MACHINE-TAPERED MAGNESIUM SKINS 

To obtain maximum beam bending efficiency for minimum weight and to avoid 
skin splices, the horizontal stabilizer of the magnesium FBO-C airplane was 
designed to employ machine-tapered magnesium skins that extended from the root 
section to the tip. These machine-tapered skins were 82 inches long and 
tapered from .172 inches thick at tha root to .OUO inches at the tip. The 
maximum width of the skin was approximately 36 inches. 
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To machine the tapered skin« for the horizontal stabiliser an Onarud 
Model A-32 OA arm router was used. In order to utilise the ant router to 
perform a Billing operation, It vaa necessary to lock the router head to 
prevent any movement in the vertical direction. In addition, all bearing 
play in the arms was removed ao that the cutter would generate a plane when moved 
about the pivot points of the arms. The machine was then leveled and bolted to 
the floor. 

The cutting tool used was a double tool fly cutter of high speed tool steel. 
Tool bits on the fly cutter were set at approximately .UO inches off center and 
balanced to prevent any vibration that might occur at the high router rpm of 
20,000. 

The work was held on a surface-ground vacuum bed. Sealing of the edges of 
the work on the vacuum bed was achieved by applying zinc chrornate paste. 

A problem of deflection was anticipated, therefore, the vacuum bed was so 
designed that the deflection of the magnesium sheet being machined was controlled 
by vented hellow cylindrical supports arranged within the vacuum chamber. The 
cylindrical supports were spaced in number to provide increasing frequency of 
support at the end where the greatest thickness of stock was to be removed which 
in turn would cause the largest amount of deflection of the work. The design 
criteria for the spacing of the supports were based on a requirement that the 
work should not deflect beyond .001 of an inch at a vacuum pressure of 29 inches 
of Hg. 

In order to provide for leveling of the vacuum bed and also a means for 
tilting the bed for the required taper, six adjusting screws were provided. Pour 
adjusting screws were located at each corner and two were located at the mid- 
points of the long side of the vacuum bed. To adjust the vacuum bed for the 
proper taper the bed was first leveled so that the plane generated by the rooter 
cutting head waa parallel to that of the vacuum bed. Once this was accomplished, 
the vacuum bed was tilted by means of the adjusting screws to a slope of .0192 
inches per foot. 

To gage the depth of cut, check pads of known thickness were located at 
various points at the edge of the vacuum bed. 

A check run of the above setup was made to determine the overall toler- 
ance that can be maintained. It was found, as was expected, that the depth 
of cut can be changed .010 of an inch by varying the pressure on the cutting 
head especially when the arms of the router were fully extended. In view of 
this, it was decided to machine the tapered skins to approximately .015 of 
an inch over the nominal, specified and perform the final cleanup by sanding. 

The vacuum bed designed for the above operation is shown in Figure 75 and 
the conplate setup is shown in Figures 76 and 77. 

108 



109 



110 



Ill 



CASTING DESIGN 

The design of magnesium alloy sand castings is essentially the same as 
for aluminum castings. It has been found that it is very important to provide 
generous filleting at Intersections or at points where different thicknesses 
blend together. Adequate filleting will minimize stress concentrations and 
will improve metal flow during the casting process, thus avoiding shrinkage 
cracks and porosity. 

Successful casting design depends upon the cooperation between the design 
engineer, foundryman, pattern maker, and the inspection department. It is ad- 
visable to let the casting manufacturer design the pattern and to consult him 
while the proposed casting design is still on the drawing board. For highly 
stressed castings, it is essential that the direction and magnitude oi the 
principle stresses be indicated on the drawing. In such castings, design 
changes to improve soundness may prove necessary during the period of making 
the sample castings and developing the gating, chilling, and feeding technique. 

The normal minimum section thickness of a magnesium sand casting is 
5>/32 inch} however, for large sand castings a 7/32 inch minimum section is 
recommended. For small castings, an 1/8 inch minimum is satisfactory pro- 
viding gating conditions are favorable. The shrinkage allowance for PAgnesium 
alloy sand castings varies and depends on a number of factors similar o other 
alloys. For sand castings of large size or intricate design, the shrinkage 
allowance of each casting must be determined on the basis of the experience 
which the foundry has gained over a period of years in making similar castings. 

In the following analysis, only the experiences gained in casting the 
large magnesium alloy sand castings for the structural bulkheads are discussed 
since the balance of the castings presented no problems. 

The casting alloy concerned with in the following discussion is designated 
as H by the Dow Chemical Company, AM-265 by the American Magnesium Corporation, 
and QQ-K-56, Composition A alloy AZ63 by the Bureau of Federal Supply. This 
alloy is heat treatable and can be furnished in three conditions, aa-caat 
(AC), solution heat-treated (HT), or solution heat-treated and aged (HTA). 
The as-oast (AC) condition is used for nonstructural parts requiring only moder- 
ate strength. For maximum ductility, elongation, and impact resistance the 
solution heat-treated condition is recommended. However, due to casting growth, 
the magnesium sand castings in this condition should not be specified if the 
castings are to be used at temperatures above 200 deg. P. The solution heat- 
treated and aged (HTA) condition should be used to minimize growth and to obtain 
maximum strength and hardness. 

Reference to Table h.111(b) of ANC-5 the design mechanical properties of 
magnesium alloy sand castings for AM-26£ alloy are as follows: 
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CONDITION 

AC HT HTA 

Ftu (Psl) 2U,000 3U,000 3U,000 
Fty  (pSi) 10,000 10,000 16,000 
Fcy (psi) 10,000 10,000 16,000 

F8U (P»l) 16,000 17,000 19,000 

Fbm (e/d - 1.5) 36,000 36,000 50,000 

Fbru («/d - 2.0) 5o,ooo 50,000 65,000 

Fbry (fl/d - 1.5) 28,000 32,000 36,000 
Fbry (®/d ■ 2.0) 30,000 36,000 U5,ooo 
e,  Elongati on i h 7 J 

In the design of the cast bulkhead patterns, the major problems encountered 
were shrinkage and warpage due to the semicircular shape of the bulkheads. At 
first an attempt was made to cast the bulkheads without providing secondary- 
stiff eners to aid in maintaining the shape of the cast bulkhead. This did 
not prove successful since a great deal of warpage was encountered. The pat- 
tern was redesigned to provide secondary stiffeners similar to spokes of a 
wheel. These secondary stiffeners were square in cross-section and measured 
approximately 3/h x 3/U of an inch, upon recasting the revised pattern, it was 
found that the stiffeners did not posses sufficient stiffness to prevent the 
casting from warping. This was apparent since all of the stiffeners or spokes de- 
formed. It should be noted that the semicircular bulkhead ring did not warp 
as badly as the first attempt. Based upon these results, it was concluded that 
the secondary stiffeners should have a cross-section equal to that of the bulk- 
head. As a result, the square stiffeners were redesigned into the shape of 
an "I" beam. The final configuration is shown in Figure 78. 

The above method of pattern design for the cast semicircular bulkheads 
did not eliminate all of the warpage but the degree of warpage was so small 
that it was found to be acceptable. The small degree of warpage was corrected 
prior to aging by cutting the stiffeners off and straightening the casting to 
the required shape. 

Some typical magnesium sand castings are. presented in Figures 79 to 82. 

CORROSION PROTECTION 

The protection of the magnesium alloy against corrosion was achieved by 
employing the following procedures. All of the magnesium parts used were 
dichromated per Specification ML-M-3171 and then given two coats of zinc 
chromate primer per Specification K3X-P-6889 prior to installation. To guard 
against electrolytic corrosion, all rivet attachments were made by 56S aluminum 
alloy rivets. Rivet holes were primed with a wet coat of zinc chromate primer 
prior to insertion of the rivet. 
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The problem of guarding against electrolytic corrosion when dissimilar 
metals vere used was solved by employing an insulation of tape between the 
faying surfaces of dissimilar metals. This insulating tape extended at least 
one-eighth of an inch beyond the edge of the dissimilar metal. Fairprene 
tape was used as an insulator in all regions except in areas where relatively 
high temperatures were anticipated. In these areas, a .010 Silastic coated 
fiberglas tape, CHR #106, made by Triangle Pacific Co., Los Angeles, Calif. 
was used. In high stressed regions where the use of tape as an insulator was 
not practicable, the faying surfaces were coated with four coats of tine 
chromate priner. When gang channels were used, a cellophane pressure sensitive 
tape was used as an insulator. 

Prior to installation of the equipment, the interior and exterior surfaces 
of the basic structural airframe was ooated with an additional coat of sine 
chromate primer. 

The exterior surface of the airplane was further protected by a finish 
coat of two coats of aluminized varnish} 16 ounohes of aluminum powder or paste 
per Specification TT-A-I468, Type II, Qrade A to one gallon of varnish per 
Specification MIL-Y-6893. The quantities for the mixture are based on a one 
gallon of packaged material before reduction. 
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WEIOHT ANALYSIS 

The total weight of the oontract structural items was 168$ pounds as 
compared wvth 1658 pounds for the aluminum prototype iteaa. The magnesium 
structure was, therefore, 1.6£ heavier than the aluminum prototype, which was 
well within the 3% tolerance permitted by the contract. A detailed weight 
comparison is given in the following table. 

Aileron 
Flap 

Tail Group 

Stabilizer 
Elevator 
Fin 
Rudder 
Dorsal Fairing & Inst. 

Body Group 

Total Contract Structural Items 

ALUMINUM 
PROTOTYPE 

WEIGHT 

( H3.0) 

70.0 
1*3.0 

( 21*1.0) 

105. o 
1*7.0 
38.0 
27.0 
2l*.0 

(130JI.O) 

1658.0 

MAGNESIUM 
STRUCTURE 

WEIOHT 

( 119.5) 

76.9 
1*2.6 

( 263.7) 

128.6 
1*1*.3 
38.7 
27.1* 
21*.5 

(1301.°) 

1685.1 

It should be noted that 6.3 pounds of the aileron weight increase was 
due to an increase in the static balance weights. This increase was necessary 
to offset a rearward shift of the CO. of the magnesium structure/ 
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APPENDIX A 

STRESS ANALISIS 

HORIZONTAL STABILIZER 

Discussion 

The methods employed in calculating the stabilizer section properties, 
bending stresses, axial loads, and internal shear flows are illustrated in the 
following pages.  The stabilizer is constructed completely of magnesium alloy 
and consists of three beams and tapered skins combined to produce a closed 
three-celled box structure.  Since the relatively thick tapered skins are not 
expected to buckle until a point well above the limit load, the skins are 
assumed fully effective up to ultimate load. 

The stabilizer is critical in bending and torsion for the dynamic loading 
conditions (forward and aft C.P. locations) set forth in Contract Change 
Notification No. 1 on subject contracti Exhibit "A", General and Detail Re- 
quirements. 

The design ultimate shears, moments, and torques are summarized in Table 5 
and were obtained by the following method. 

1. The stabilizer deflection curve for dynamic loading was determined 
by assuming the total airload bending moments obtained from the aforementioned 
to act on the stabilizer alone. The elevator hinge reactions due to this de- 
flection curve were then computed. 

2. The elevator hinge reactions due to airloads on the elevator in the 
undeflected state were then determined for these conditions. 

3. The design ultimate shears, moments, and torques were then determined 
by superposition of the hinge reactions obtained in steps 1 and 2 above and the 
data obtained from the Contract Change Notification No. 1 of the subject contract 

The rolling pull-out condition is used solely to check the stabilizer 
center section and the stabilizer attachment fittings. 

Section Properties 

The stabilizer is designed symmetrically about the chord line. Therefore, 
spar cap and total skin areas are the same for corresponding upper and lower 
flange elements. The assumption of fully effective skins up to ultimate load 
permits the use of one set of section properties per station for either com- 
pression on the top or compression on the bottom surfaces. A further check of 
the stabilizer strength at ultimate load with bupkled skins is also shown. 

The section properties were computed at several stations along the 
stabilizer span. The tiiick skins were divided into elements of equal length 
and the area of each element was assumed acting at its centroid as illustrated 
in Figure 83. 
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A summary of the effective areas and ordlnates of element centroids is 
shown in Table 6. The skins are assumed fully effective between front and 
rear spars at all stations. The nose skins are assumed $0% effective at 
stations 30, U5, «id 60, and 0% effective at stations 0, 10, and 80. The 
three spars are assumed fully effective from root to tip. 

Detailed calculations of the section properties at stations 30 and U5 
placing either surface in compression are shown in Tables 7 and 8. A summary 
of the section properties at various stabilizer stations is presented in Table 
9. In order to facilitate the shear flow calculations later in the report, 
the spar cap flange elements are assumed to act at the beam centerlinea. 

All section properties are computed using the section chord line and the 
rear beam mold line as the X and Z reference axes respectively. The rear beam 
mold line is located 3.07$ inches forward of the elevator hinge t which is at 
75% of the section chord. 

Bending Stresses and Axial Loads 

In determining the bending stresses in the stabilizer, the following 
method was used. Since the stabilizer sections are symmetrical with respect 
to the chord line, the neutral axis corresponds to the chord line. The bending 
stress at an element dA located a distance nh" from the neutral axis is given 
byt 

*b  - *2 h (1) 

Where K2 is a constant for each section determined byt 

K2 - -?*- (2) 

The distance "h" corresponds to the Z ordinate of the element centroids so 
that: 

'b " K2 Z (3) 

Values of Z are shown in Table 6. For convenience, values of Kg are determined 
in Tables 7 and 8 and summarized in Table 9. 

The detailed calculation of bending stresses in accordance with equation 
(3) for stations 30 and US  is shown in Table 10 with a summary of the stresses 
at all stabilizer stations investigated given in Table 11. 
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TABLE ?  - SECTION PROPERTIES AT STATION 30 
COMPRESSION IN EITHER SURFACE 

" (1) j "GO | (f)       ] ll_. © © l:     © © ® 
1 I t ■   •»-*      ■* 

Cross Products 
Elem. ! Area | .„? i & X z AZ AZ* I °n Xn'Vl 'Vl-Zni 

Ref. Tab. 6 Tab. 6 Tab. 6 ®x(D © * @ '& «EUSn.l *& ® - ® 
1 .387 -7.36 1.91 .739 1.1*1 -13.91 -18.01 U.10 
2 .387 -1.72 1.71* .673 1.17 -9.01 -13.68 1*.66 
3 .387 -1.57 1.1*7 .569 .81* -2.73 -6.91* 1*.21 
1* .227 0 l.ll* .259 .30 0 -1.79 1.79 
5 .227 0 -l.H* -.259 .30 I   0 0 0 
6 .387 1 -1.57 -1.1*7 -.569 .81* 

1 . 1.79 
7 .387 i -U.72 -1.71* -.673 1.17 - - 1*.21 
8 .387 -7.86 -1.91 -.739 1.1*1 _ _ I*. 66 
9 .31*0 -9.1*3 -1.77 -.602 1.07 - — 1*.10 

10 .397 -11. Oi* -1.97 -.782 1.51* 19.51* 18.58 .96 
11 .397 -11.27 -1.89 -.750 1.1*2 28.11 20.87 7.21* 
12 .397 -17.50 -1.7a -.691 1.20 33.08 21*. 83 8.25 
13 .132 -19.11 -1.1*0 -.605 .85 33.25 21*. 50 8.75 

1 u» .1*98 j -21.13 -1.1*2 -.707 1.00 29.58 27.H* 2.1*1* 
.  15 - -27.18 0 .000 0.00 38.60 0 1*C 21* * 
!  16 .1*98 -21.13 1.1*2 .707 1.00 - — 1*0.21* # 

17 .1*32 -19.11 1.1*0 .605 .85 — • 2.1*1* 
18 .397 -17.50 1.71* .691 1.20 - _ 8.75 

!  19 .397 -Hi. 27 1.89 .750 1.1*2 | — 8.25 
20 .397 1 -11. Ol* 1.97 .782 1.51* _ • 7.21* 
21 .31*0 -9.1*3 1.77 .602 1.07 

Web a-b 

• 96 

33.38 

7.698 j 
  

0 0 21.60 

Web 
I 

b-c 53.51 

I 
-i  

*    Confection Factor Added. 

2 x Area Cell A - 62.90 
2 x Area Cell B - 70.53 
2 x Area Cell C - 31.85 

Jx- 

*x- 

2@ -     Z I© - 21.60 ln> 

163,21*0"*'  ( + )    (Table $) 

163,21*0 7tK- , 
" TOO 7^7'k 
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_    AK,' 

TABLE S . SECYIOB PROPERTIES AT STATIOB 1*5 
0QNRUES8IOI II EITHER SURFACE 

ffi (D (f> fl Ci) (?) ffl G) ® 
EL«. 

n 
Ar« 

A X Z AZ AZ* 
Cvoaa Produota 

<* V Vi **-l * Zn 
R«f. Tab. 6 Tab. 6 Tab. 6 (2)*(1*) to* ® C3^ x3*)».i ÄJ *tt Ci) - C8) 

1 .252 -6.36 1.61* .1*13 .677 -9.60 -12.51 2.91 
2 .252 -3.82 1.51 .381 .575 -6.26 -9.60 3-31* 
3 .252 -1.27 1.29 .325 .1*19 -1.92 -1*.93 3.01 
1» .222 0 1.02 .226 .231 0 -1.30 1.30 
5 .222 0 -1.02 -.226 .231 0 0 0 
6 .252 -1.27 -1.29 -.325 .1*19 — «» 1.30 
7 .252 -3.82 -1.51 -.381 .575 • m 3.01 
8 .252 -6.36 -1.61* -.1*13 .677 m m 3.31* 
9 .333 -7.63 -1.51 -.503 .760 am • 2.91 

10 .271* -9.01 -1.68 -.1*60 .772 13.61 12.82 .79 
11 .271* -11.78 -1.62 -.1*1*1* .719 19.79 H*.60 5.19 
12 .271* -U*.51* -1.1*9 -.1*08 .608 23.55 17.55 6.X 
13 .328 -15.92 -1.20 -.391* .1*73 23.72 17.1*5 6.27 
lit .31*1* -17.65 -1.22 -.1*20 .512 21.18 19.1*2 1.76 
15 - -22.83 0 0 0 27.85 0 29.06 * 
16 .3l*U -17.65 1.22 .1*20 .512 m m 29.06 
17 .328 -15.92 1.20 .391* .1*73 m m 1.76 
18 .271* -H*.51* 1.1*9 .1*08 .608 m m 6.27 
19 .271* -11.78 1.62 .1*1*1* .719 • tm 6.00 
20 .271* -9.01 1.68 .1*60 .772 • — 5.19 
21 .333 -7.63 1.51 .503 .760 

Wab 
Wab 

a-b 
b-o 

.79 

23.01* 
38.21 

2 5.610 0 0 11.1*92 

2 z Ära» Call A - 1*1*.16 
2 x Araa Call B - 51.67 
2 x Araa Call C - 23.1*3 

hi -   I© -   Zl® - 11.1*92 in.1* 

Mj . 86,000"# (t)     (Tabla 5) 

* ■ ■ ^ ■ -7M3-5 
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TABLE 9 - SUMMART OF STABILIZER SECTIOH IROFERTIES 
AND BEHDIHO OOBSTAHTS 

STATIOI 0 10 30 1*5 60 80 

1 0 0 0 0 0 0 

*x $6.38 1*1.02 21.60 11.U92 $.010 1.291* 

K2 -6119.2 -78U6.9 -7557.U -7U83.5 -7191.6 -3392.6 

f 
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TABLE 10 - ULTIMATE BENDINQ STRESSES A.ND AJIAL LOADS 
STATIONS 30 AND h$ 

(1) (2) (3) © ®    _. ® (7) (8) (?) 

i 
Station 30 Station 1*5 

, 

A 
Conp. 

Either 

Fb 

P Z 

A 
Conp. 

Either 

Fb 

P 
K2Z K2 Z 

Ref. 

L 

Tab. 6 Tab. 6 -7557.1* (D Qxtf*) Tab.  6 Tab. 6 -71*83.5(2 0 x © 
1.91 .387 -11*. 1*35 -5,586 1.61* .252 -12,273 -3.093 

2 1.7U .387 -13,150 -5,089 1.51 .252 -11,300 -2,81*8 

3 1.1*7 .387 -11,109 -1*,299 1.29 .252 -9,651* -2,1*33 

U l.lli .227 -8,615 -1,956 1.02 .222 -7,633 -1,695 

5 -l.Ui .227 8,615 1,956 -1.02 .222 7,633 1,695 

6 -1.1*7 .387 11,109 1*,2?9 -1.29 .252 9,651* 2,1*33 

7 -1.71* .387 13,150 5,089 -1.51 .252 11,300 2,81*8 

8 -1.91 .387 H*,l*35 5,586 -1.61* .252 12,273 3,093 

? -1.77 .3U0 13,377 1*,5U8 -1.51 .333 11,300 3,763 

10 -1.97 .397 11*,888 5,911 -1.68 .271* 12,572 3,U1*5 

11 -1.89 .397 H*,283 5,670 -1.62 .271* 12,123 3,322 

12 -1.71* .397 13,150 5,221 -1.U9 .271* 11,150 3,055 

13 -1.1*0 .1*32 10,580 1*,571 -1.20 .328 8,980 2,91*5 

LU -1.U2 .1*98 10,732 5,3U5 -1.22 .mil 9,130 3,11*1 

15 0 - - - 0 - - - 

16 1.1*2 .1*98 -10,732 -5,3U5 1.22 .31*1* -9,130 -3,11*1 

17 1.1*0 .1*32 -10,580 -1*,571 1.20 .328 -8,980 -2,9U5 

18 1.71* .397 -13,150 -5,221 1.U9 .271* -11,150 -3,055 

19 1.89 .397 -11*, 283 -5,670 1.62 .271* -12,123 -3,322 

20 1.97 .397 -ll*,888 -5,911 1.68 .271* -12,572 -3,1*1*5 

21 

I 
1.77 .31*0 -13,377 -1*,5U8 1.51 .333 -11,300 -3,763 

"K2" Talue» are froa Tables 7 *nd 8« 
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TABLE 11 - SUMMART - ULTIMATE BENDINQ STRESSES (NO BUCKLING) 
- OINAMIC LOADINQ CONDITIONS 

Location 
N.    Sta. 

ElanuV 
No.     \ 

0 10 30 U5 60 80 

Aft 

Skin 

1, 8 

2, 6 

3, 6 

♦Hi, 990 

+13,U60 

♦11,080 

♦17,810 

+16,090 

♦13,3li0 

♦Hi.liljO 

+13,150 

+11,110 

+12,270 

+11,300 

+ 9,650 

+9,850 

♦9,130 

+7,980 

♦3,U30 

♦3,290 

♦3,020 

Forward 

Skin 

10, 20 

11, 19 

12, 18 

♦15.U20 

♦Hi, 870 

♦13,650 

+18,360 

+17,660 

+I6,2li0 

+Hi,890 

+Hi,280 

+13,150 

+12,570 

+12,120 

+11,150 

♦10,070 

♦9,710 

♦8,920 

♦3.U90 

♦3,360 

♦3,090 

Not« Skin Hi, 16 - - ♦10,730 ♦9,130 ♦7,260 - 

Front Spar 13, 17 ♦11,020 ♦13,100 +10,580 ♦8,980 ♦7,190 ♦2,1*80 

Intara. 
Spar 9, 21 ♦Hi, 010 ♦l6,6JiO +13,380 ♦11,300 ♦8,700 ♦2,920 

Rear Spar U.   5 ♦8,UiO ♦10,120 ♦8,620 +7,630 ♦6,51*0 ♦2,UiO 
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Shear Flow Determination 

The aethod used in computing the Internal shear flow in the stabiliser 
ii described in this section. Since multi-oell structures are statically in- 
determinate, it is necessary to use deflection equations in addition to the 
equations of statios to obtain a solution for the distribution of shear flow 
within the structure. The shear flow in one web of each cell is taken as an 
initial unknown. The external torque on the seotion affords one relationship 
or equation which these unknowns must satisfy. It follows, therefore, that a 
structure with "n" cells is statically Indeterminate to the (n-l)th degree. 

The deflection equations used for multi-cell beams are derived from the 
angle of twist of the beam in the following manner. Since in this type of 
structure, the ribs prevent appreciable distortion of the cross section, the 
angle of twist per unit length,"6", must be the earns for every cell. This 
angle may be found for any cell in terms of the shear flow "Q" around the 
cell. If one cell of the beam is considered as shown in Figure 85(a), the 
angle of twist results from the shear distortion of each web due to the shear 
flow "Q" as shown in Figure 85(e). If a virtual torque, Tv0 - 1.0, is acting 
on the cell before the shear flows "0" are applied, the virtual work of this 
torque, Ty0 x 6 - 1.0 x &    must be equal to the virtual internal work of the 
shear flows "Qe", resulting from T?0. In this case Qo - Tq^iko - 1.0/2*0. 
These shear forces act through a displacement equal to Q/tO», as shown in 
Figure 85(o). Equating the work, we havet 

1.0x0    - Z (l/2Ao) (A s)  (Q/tO,) 

or 6   - (l/2*o) IQ As/tO« (U) 

In Equation (li), k0 represents the area of the cell enclosed by the skin 
as shown in Figure 85(b), and 0« represents the effective modulus of rigidity, 
or the unit shear stress "Q/t" divided by the unit shear strain "Tf". The 
thickness "t" is for the web of length "AS". The summation of Equation (h) 
must extend all the way around the perimeter of the oell, in a clockwise 
direction. Thus, if any shear flows "0" are in a counterclockwise direction, 
they must be considered as negative. Equation (It) applies to any number of 
cells, as long as the summation is performed in a closed path around the 
structure. If any interior vertical web in a multi-cell structure has a shear 
flow acting upward, it would be used in Equation (U) as positive when con- 
sidering the cell to the right of the web and negative when considering the cell 
to the left of the web. 

The effective modulus of rigidity "0," is a constant term which cancels out 
of all final equations if the webs are shear resistant. Since all webs are 
assumed shear resistant in this work, no correction is required in the value 
of "O", which is assumed constant. 
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JZl^l 
Q LBS./IN. 

Qo=TVo/2Ao=l.0/aAo 

,-/        -+\       |*-Q/*G.= 

(a) 

(b) 

(c) 

Go* 

FIG.85 NOTATION FOR DETERMINATION OF WORK DUE TO TWISTING 
OF A SINGLE CELL. 
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The general method of analysis of a multi-cell structure will bo first 
to assume that the shear aots at the shear oontor with the angle of twist "&" 
equal to lero. The external torque about the shear center is then computed and 
the shear flows from pure torque superimposed on the shear flows from transverse 
shear. In the tabular forms to be discussed presently, the torque about the 
■hear center is computed without actually looating the shear center. 

The determination of the ihear flow in a three cell beam, sueh as illus- 
trated in Figure 8U, assuming the shear acting at the shear center, is described 
as follows. The shear in any external web of Cell A, Figure 8U, may be ex- 
pressed in terns of Q^ ast 

n-1             . 
On - Ql ♦ *E-  ^P/AT -Qi+Q^-n (5) 

1 

Similarly the shear in any external web of Cells B and C can be expressed 
ast 

n-1 
CellBt  <^- Q^* Z AP/AT- Q^* Q^ (6) 

n-1 
Cell Ci  Qn- Q^ ♦ T AP/AT - Q^* &n (7) 

The shear flows in the internal Webs a-b and b-c can be determined fron 
consideration of the equilibrium conditions in the spanwise direction and nay 
be expressed as follows) assuming positive shear flow to be upwards 

Qa-b - Ql ♦ Q^a-b -QlO <B> 

«b-c - 9io ♦ oVc -Qiii (?) 

The shears Q^u are the shears in the beam of Figure 8U with the Webs 1, 10, 
and lli assumed out. The values of Q1 for Cell A are obtained by a summation of 
the values of A P/AT between Web 1 and the section considered. This summation 
may be used to find Q1 for the interior Web a-b. The values of Q1 for Cell B 
are obtained by summation of the AP/&T values between Web 10 and the section 
considered. This summation starts from sero at Web 10 and includes the Q1 for 
Web b-o. However, for the beam in Figure 81*, Q1 for Web 18 cannot be found 
until Q1 for Web 17 is obtained. Therefore, the summation of &P/&Y is inter- 
rupted at this point and the values of Q1 around Cell C are determined. This 
summation starts from sero at Web XU and proceeds in a clockwise direction 
around Cell C up to and including Q1 for Web 17. Then the Q1 for Web b-c is 
added to the value of Ql in Web 17 resulting in the required Ql for Web 18. It 
is then possible to complete the determination of Q1 around Cell B in the usual 
manner. 
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A« the «haar had been aearaaad toting at tha ahaar canter, 9-0 for aaoh 
cell, tharafora Equation (li) boooaea 

Z Qß, ^ a/t1 .0   - (10) 

Around aach call, Equations (5), (8), and (10) give tha following equation 
for Call A. 

^  Q^ A./t1 . Qis  "2 u a/t1 - Qiog (Aa/t1)^ ♦ *   Q^ fcej/t1 

- 0  (11) 

Tha euaaution of Equation (11) amat include all the vaba around the 
circumference of Cell A. The notation £ vill deaignate a auaaaation for all 
weba of Call A, with the ahaar conaidered aa poeitiv» in a clookviae diraotlon 
around tha cell. The tana QIQS (^ »A1) 'or Vab a-b In Equation (11) ooaea 
froa Equation (8), which oontaina tha additional tana <hos net appearing in 
Equation (5). The evaluation of Equation (10) for Cell Buaing Equation« (6), 
(8), (9), and (10) becoaeai 

^ SM U'A1) - - Qis (AiA1)»., ♦ Qios 5 (^.A1) - Q^ (Ai/t1)^ 
D 

Q1 (A e/t1) - 0 (12) * t 

The evaluation of Equation (10) for Call C ualng Equationa (7)* (9)» and 
(10) becoaea 

| %a (A aA1) - - OK» (AiA1)^ ♦ Q^ X (A.A
1
) 

* 2 Q1 (fca/t1) - 0    (13) 
C 

Abbreviating the coefficients of the "Q" terae in Equationa (11), (12), and 
(13) we have 

AAASlS-AAB W^OA-0  W 

~^AB «IS ♦ ^BB 9lOS " ^BC ^lUS * A0B " ° -------    (1$) 

"^BC ^03 *  ^CC *m + A0C " °         (16) 
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ifrtrt       A^ -  f (&«AL) A BC - (A ■Al)bM, 

ABB" f (*"/tl) AOA- f ^(^A1) 

Acc' f (Ä8/t,) ^OB" f ^(A-A1) 

    (17) 

Equation« (Hi),  (15)» *nd (16) can be solved for QJS, QIQQ, Uid QiUS ILfter 

substitution of the miner ical values for the tx terms. 

The torque about the shear center "Tsc" li determined as followsi 

Tsc-*o-2CM*Qnj (18) 

where TQ is the external torque about the reference origin and the «unmetion 
represents the moment of the shear flows, also about the reference origin.    It 
is usual!/ aore convenient to use Equation (18) without actually finding the 
shear flow Q,^ for each web.    Tro« Equations (5),  (6), (7),  (8),  (9), and (18) 

TSC - T0 ' 2<fc* ^n - 2*A x ^3 ' «B x ^lOS " ^C X ^   "    (19) 

since, for all the webs of any one cell, £0^ - 2A . 

The shear flows resulting from the torque about the shear center must now 
be superisposed on those computed for zero torque. Since the pure torsion is 
assused to produce no axial loads in the bean elements, the shear flows will 
hare a constant value around each cell. (Qjr for Cell A, Q10T for Cell B, etc.) 
The shear in the interior webs, assuming positive shear in external webs acts 
clockwise and positive shear in Internal webs aots up, is expressed bj - 

Vs,-%T-9U» <20) 

Ob-cr ■ 9ior - 9ur <21> 
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From the condition that the angle of twist must be equal, Equation (h) 
yieldg - 

(1/2AA) Z  QnT ( A «A1) - (1/2AB) £ QnT ( A »A1) 
A B 

- (1/2AC) Z   0^  (ae/t') (22) 
C 

Substituting the «ubacript "T" for the "S" Equation« ($), (6), (7). (8), 
and (9), and utilizing the abbreviation of Equations (17), Equation (22) becomes 

^AXAU *IT - AAB V ■ ^X-^AB ST + ABB V ' ABC V 

(i/zkcH-bn^. AccQ^,) -   -   -   (23) 

The condition that the torque of QJJ, Q^QX» »^d QUjT Bust e<P**l the external 
torque Tsc about the shear center, yields the following equation. 

TSC - ^A * «IT * 2AB x SlOT + ^C X ^T (2li) 

Equations (23) and (2U) can be solved for the values of Qjj, ^IOT> *nd ^mi 
after substitution of the numerical values of the A and A terms and Tsc* 

The shear flows in the cut web of each cell may now be found by combining 
the results of the analysis for bending shears and for torsion, thus - 

*L     - SlS  * OlT 

OlO - SlOS * SlOT 

Oik ' Sriis *  SiiiT 

(2$) 

The final shear flows in the external webs of Cells A, B, and C are deter- 
mined from the Equations (5), (6), and (7). The final shear flows for the in- 
ternal webs a-b and b-c are obtained from Equations (8) and (9). 
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Detailed calculation« were mad* for the determination of the «bear flow 
between the various stabiliser stations for the dynamic loading conditions 
(A and B), which are the most critical. These shear flows represented averagb 
values in any given bay since the calculation« were based upon averaged value« 
of web moment coefficient "CN," and the stiffness parameter " As/t ". Since 
the stabiliser nose extends inboard only as far as Station 10, the stabiliser 
was analysed as a three-cell structure outboard of Station 10. Inboard of 
Station 10, a "Center Section Analysis" was employed. Since the "Center Section 
Analysis" deals primarily with the attachment of the stabiliser to the fuselage 
and vertical fin, it is omitted from this report for reasons of brevity. 

The following tables illustrate the application of the method of shear 
flow calculation as applied to the bay between Station 30 and U5. 

Table 12  This table summarises the average values of the stiffness parameter 
&s/t for each web in the various bays. 

Table 13  This table summarises the averages of the web moment coefficients CM, 
at the inboard and outboard ends of each bay. 

Table lit  The values of Q1 in the various webs are obtained in this table by 
the summation of Ah/AT around each cell. 

Table 1$  The numerical values of the A ooefficients used in Equations (lU), 
(15), (16), (23), and (21*) are computed in this table. This summation 
of QJ-CN. is also obtained in this table for subsequent use in 
evaluating the torque about the shear center. 

Table 16  The solution of Equations (lii), (1<), and (16) for Qye, Qi/vs. and Q,],«, 
is performed in this table. xuo     "** 

Table 17  The total unbalanced torque about the shear center, as expressed by 
Equation (19), is evaluated in this table. 

Table 18  The ooefficients of the three simultaneous equations developed from 
Equations (23) and (2k)  are determined in this table. 

Table 1?  This table shows the evaluation of Q±j,  QIQT» *ad ^lliT auen that 
Equations (23) and (21;) are satisfied for a unit torque of 10^ in.lbs. 

Table 20  The final shear flows in the redundant webs are obtained in this 
table in accordance with Equations (25). 

Table 21  The final ultimate shear flows in the various webs are calculated in 
this table in accordance with Equations (5) thru (9), inolusive. 

The ultimate shear flows throughout the stabiliser for the dynamic loading 
conditions A and B are summarised in Table 22. 
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TABLE 12 - 3ÜWARI Of ATERAOE VALUES OF   A a/t 

10 to 30 30 to 1*5 1*5 to 60 60 to 80 

1 12.61 12.79 12.87 13.28 

2 25.36 25.59 25.75 26.55 

3 25.36 25.68 25.86 26.55 

1» 12.61* 12.79 12.87 13.28 

5 12.79 16.67 H*. 85 27.17 

6 12.61* 12.79 12.87 13.28 

7 25.36 25.68 25.86 26.55 

8 25.36 25.59 25.75 26.55 

9 12.61* 12.79 12.87 13.28 

10 12.1*3 13.51 11*.60 17.21* 

11 25.29 27.03 29.08 31*. 31 

12 25.29 27.03 29.08 3l*.H* 

13 12.1*3 13.51 11*. 60 17.21* 

Hi 15.86 16.91* 18.16 21.55 

15 1*9.79 53.33 57.21* 67.07 

16 1*9.79 53.33 57.21* 67.07 

17 15.86 16.91* 18.16 n.55 
18 12.1*3 13.51 1U.60 17.21* 

19 25.29 27.03 29.08 31*. H* 

20 25.29 27.03 29.08 31.31 

21 12.1*3 13.51 H*.60 17.21* 

m-b 1*8.63 1*1.00 31*.00 25.88 

b-o 18.06 16.81* 19.91 22.18 

11*0 



TABLE 13 - SUMMARY OP AVERAGE WEB MOMEHT C0ET7ICIEMT (C^) AV 

"^--^_ Bay 
Web      ^^^-^^ 10 to 30 30 to 1*5 U5 to 60 60 to 80 

1 5.03 3.50 2.51 1.56 

2 5.72 1*.00 2.76 I.60 

3 5.12 3.61 2.51 1.1*9 

1* 2.16 1.51* 1.09 .6I4 

5 0 0 0 0 

6 2.16 1.51* 1.09 .61* 

7 5.12 3.61 2.51 1.1*9 

8 5.72 U.00 2.76 1.60 

9 5.03 3.50 2.51 1.56 

10 11.22 .88 .51* .22 

11 8.71* 6.22 U.38 2.7I* 

12 10. Oil 7.12 5.06 3.12 

13 10.66 7.51 5.21* 3.16 

lit 3.00 2.10 1.51* l.Ol* 

15 1*9.18 31*.65 21*. 26 H*.51* 

16 1*9.18 3U.6S 21*. 26 1U.51* 

17 3.00 2.10 1.51* l.cl* 

18 10.66 7.51 5.21* 3.16 

19 10.01» 7.12 5.06 3.12 

20 8.71* 6.22 1*.38 2.71* 

21 1.22 .88 .51* .22 

a-b 1*1.79 28.21 18.58 10.00 

b-c 65.82 1*5.86 31.88 18.89 

11*1 



TABLE LU - DCTERMIMAnOM Of Q1 

STATION 30 TO 1*5 

DTNAKEC LOADINQ COMDITIOH (A ft B) 

a CD 6) <D CD 

Web p 
Sta, 30 

P 
st«. liS 

4P/AT Q» 

Ref. Table 10 Table 10 ®-ffi A5 2© 
1 -5586 -3093 -166.2 0 
2 -508? -281*8 -11*9.1* -166.2 
3 -1*29? -21*1*3 -12l*.l* -315.6 
1* -1?56 -1695 -17.1* -1*1*0.0 
5 1?56 1695 17.1* -1*57.1* 
6 129? 21*33 12l*.l* -1*1*0.0 
7 5069 281*6 11*9.1* -315.6 
6 5586 3093 166.2 -166.2 
9 1*51*8 3763 52.3 0 

a-b 52.3 
10 5911 3l*i*5 164.1* 0 
11 5670 3322 156.5 161*. 1* 
12 5221 3055 lilU.il 320.9 
13 1*571 291*5 108.li 1*65.3 
b-c 573.7 
U 531*5 3U*1 11*6.9 0 
15 _ m U*6.9 
16 -531*5 -3U*1 -11*6.9 11*6.9 
17 -1*571 -291*5 -I08.I* 0 
b-c 573.7 
18 -5221 -3055 -lUli.l* 1*65.3 
19 -5670 -3322 -156.5 320.9 
20 -5911 -3U1*5 -I6u.il 16U.1* 
21 -i*5i*8 -3763 - 52.3 0 
a-b - 52.3 

11*2 



TABLE 15 - DETERMINATION OF SHEAR FLOW PARAMETERS 
STATION 30 TO U5 

® © (D 0 © © © 

Call Web Ae/t °n 

Dynamic Loading Cbnd. 

Q1 Q1 <Wt 
* Cn 

Ref. Fig. 6 Tab. 12 Tab. 13 Tab. 1U G)x® ©x® 
1 12.79 3.50 0 0 0 
2 25.59 U.OO -166.2 -U253 -665 
3 25.68 3.61 -315.6 -8105 -1139 
1» 12.79 1.5U -UUo.o -5628 -678 

A 5 16.67 0 -U57.U -7625 0 
6 12.79 1.5U -UUo.o -5628 -678 
7 25.68 3.61 -315.6 -8105 -1139 
8 25.59 U.OO -166.2 -U253 -665 
9 12.79 3.5c 0 0 0 

a-b Ul.00 28.21 52.3 21UU 1U75 
Aab - la.oo Lj^ - 211.37 EAA - 53.51 A«* - U1U53 

10 13.51 .88 0 0 0 
li 27.03 6.22 16U.U UUUU 1023 
12 27.03 7.12 320.9 867U 2285 
13 13.51 7.51 U65.3 6286 3U9U 

B b-c 18.8h U5.86 573.7 10809 26310 
18 13.51 7.51 U65.3 6286 3U9U 
19 27.03 7.12 320.9 867U 2285 
20 27.03 6.22 16U.U UUUU 1023 
21 13.51 .88 0 0 0 
a-b Ul.00 -28.21 -52.3 -21UU m 

abc - ia.au ABa - 222.00 2AB . 61.11 LoB - U7U73 

1U 16.9U 2.10 
1U6.9 

0 0 
15 53.33 3U.65 783U 5090 

C 16 53.33 3U.65 1U6.9 783U 5090 
17 16.9U 2.10 0 0 0 
b-c 18.8U 

^CC ■ 159.38 
-U5.86 

2AC - 27.6U 
-573.7 -10809 

AoC - U859 " 

2 W60S 

1U3 



TABLE 16 - SOLUTION OF ECJJATIONS FOR BALANCING 
FLEXURAL SHEAR FLOW 
STATION 30 TO 1*5 

AIASB-A-Q-     * 
A     - 0 

AB    10S oA 

" *AB «IS + *BB SoS ' ÄBC Sl*S *   L6B ' ° 

*BC SOB * Acc Si* * A>c - ° 

No. Ref. QlS Qios Qn*s 
Dynamic 
Loading 

Condition 

(1) 
' 

♦ V . 211.37 -A^ . -la.oo 0 - L^ - 1*11*53 

(2) Table 15 4 -^XB - -la.oo + ABB - 222.00 -AgQ . -18.81* -^--1*71*73 

(3) 
i 

0 -ABC . -18.8U ♦ Acc - 159.38 -LoC - -1*859 

(U) CD/AAA ♦1 *! - -.191*0 0 K2 . 196.12 

(5) w/i* -1 5.1*11*6 -.1*595 -1157.0 

(6) (1*) ♦ (5) 0 K3 - 5.2206 -.1*595 -961.8 

(7) (6)A3 ♦1 K^ . -.0880 K5 . -I81i.23 

(8) (3)/ABC -1 8.1*597 -257.91 

(9) (7) ♦ (8) 0 K6 - 8.3717 -1*1*2. Hi 

(10) (9)7*6 ♦1 QH,S - -52.81 

(11) -(10) x lh -1*.65 

(12) (11) ♦ K5 QXOS - -188.88 

(13) -(12) x Kx -36.61* 

(H») (13) ♦ Kj QiS - 159.1*8 

11*1* 



TABLE 17 - UNBALANCED TORSION ABOUT SHEAR CENTER 
STATION 30 TO h$ 
DYNAMIC LOADINQ 

No. ItM Cond. 
Ref.         -—^_ A B 

1 2AA 

Table 15    < 

53.51 

2 *h 61.11 

3 2AC 27.6U 

h 9ts 

Table 16    - 

159.1*8 

5 Qios -188.88 

6 «litf -52.81 

7 To Figure 86 57,500 21,200 

8 -lCn& Table 15 -4*6,605 

9 -^A^IS -(1) x (U) -8,531* 

10 -^Qios -(2) x (5) 11,51*2 

11 -*h*ua -(3) x (6) 1,1*60 

12 Tsc I (7) to (11) 15,363 -20,937 

11*5 



TABLE 18 - OOKTANTS FOR SOLUTION OP TOR3I0NAL 
SHEAR FLOW EQUATIONS 

No. ItM  -_       Bay 
Raf.                     ' —Z__ 30 to 1*5 

(1) *U 

Table 15                 < 

2U.37 

(2) AAB U.00 

(3) Am 222.00 

00 ^BC 18.814 

(5) Acc 159.38 

(6) ^A 53.51 

(7) 2*8 61.11 

(8) 2*0 27.61* 

(9) AAA/2AA 
(D/(6) 3.9501 

(10) **/** (2)/(7) .6709 

(11) &U/*A (2)/(6) .7662 

(12) ABB/2^ (3)/(7) 3.6328 

(13) AB(/2AC 00/(8) .6816 

(U) AB0/2AB 00/(7) .3083 

(IS) Ac(/ac (5)/(8) 5.7663 

(16) Al (9) ♦ (10) U.6210 

(17) *2 (10) .6709 

(18) »1 (11) ♦ (12) 1*.3990 

(19) B2 (12) ♦ (13) 1*.311*1* 

(20) °1 (HO .3083 

(21) °2 (1U) ♦ (15) 6.071*6 

11*6 



TABLE 19 - SOLUTION OF EQUATIONS FOR UNIT TORSIONAL 
SHEAR FLOW 
STATION 30 TO 1*5 

[l/2AA]    [ Au ^ - A^ Q^]  .   [v2Ag]    [ - ^B *1T * *BB ^OT " *BC SuJ 

-   [V2AC ] [ -ABC Q^ + Age Q^J 

"A \T * ^ ^lOT * "C V - T 
SC 

No. Reference QU QlOT Qll*T 

1 
> 

+A-|_ . U.6210 -^ - -1*.3990 ♦Oi - .3083 0 

2 Tabl« 18 < -A2 - -.6709 +B2 -   1*.31U* -C2 - -6.071*6 0 

3 . 2AA -   53.51 2Ag . 61.11 2A0 . 27.61* Tsc • ♦1,000,000 

I (DAi ♦1 Kl - -.9520 K2 . .06672 0 

5 (2)/A2 -1 6.1*308 -9.051*1* 0 

6 (U) ♦ (5) 0 K3 . 5.1*788 -8.9877 0 

7 (3)/2AA ♦1 1.11*20 .5165 18,688 

8 (li) - (7) 0 K^ - -2.091*0 -.1*1*98 -18,688 

9 -(8)Au -1 K5 - -,2Ui8 16 - -892l*.5 

10 (6)A3 ♦1 -1.61*05 0 

11 (9) ♦ (10) 0 K7 - -1.8553 -8921*.5 

12 <ii)A7 ♦1 Q1^ - 1*810.3 

13 (12) x K5 -1033.3 

11* (13) -K6 0\oT • 78n'2 

15 -(Hi) x KX 7512.1* 

16 -02) x K2 -320.9 

17 (15) 4 (16) &lt . 7191.5 

11*7 



TABLE 20 - SHEAR FLOW IN REXXTSDABT VEB3 
STATION 30 TO US 
DTHAKCC LOADIEO 

No. It« A B 

1 <S« 
f 

7191.5 

2 lor 
Tabl» 19     . 7891.2 

3 ^UUT • U810.3 

U ho?106 Table 17 .015363 -.020937 

5 QXT (1) x (U) 110.5 -150.6 

6 9lOT (2) x (U) 121.2 -165.2 

7 OUT (3) x (U) 73.9 -1O0.7 

8 «is 
' 

159.5 

9 Qios Table 16 -188.9 

10 QUS > 
-52.8 

11 Qi (5) ♦ (8) 270.0 8.9 

12 Qio (6) ♦ (9) -67.7 -35U.1 

13 Qih (7) «• (10) 21.1 -153.5 

U8 



TABLE 21 - DETERMINATION OF RESULTANT SHEAR FLOW 
STATION 30 TO 1*5 

® ® ® © ® © ® © 

Dynamic Load Cond. A Dynaal c Load Cond . B 
Web Cell 

Q« On Q Q» On Q 

Ref. 
fig. 

8U Table ll* Table 20 (D ♦ © Table Hi Table 20 © ♦ ® 

1 A 0 270.0 270.0 0 8.9 8.9 
2 i -166.2 1 103.8 -166.2 1 -157.3 
3 -315.6 -15.6 -315.6 -306.7 
1* -U4O.O -170.0 -1*1*0.o -1*31.1 
5 -1*57.1* -187.1* -1*57.1* -1*1*8.5 
6 -UiO.o -170.0 -1*1*0.0 -1*31.1 
7 -315.6 -1*5.6 -315.6 -306.7 
8 1 -166.2 1 103.8 -166.2 I -157.3 
9 1 I 0 270.0 270.0 0 8.9 8.9 

10 B 0 -67.7 67.7 0 -351.1 -35U.1 
11 1 16U.U ( 96 .'7 161*. 1* 1 -189.7 
12 320.9 i 253.2 320.9 -33.2 
13 B 1*65.3 -67.7 397.6 1*65.3 -351*. 1 111.2 
Hi C 0 21.1 21.1 0 -153.5 -153.5 
15 1 H6.9 1 168.0 11*6.9 I -6.6 
16 11*6.9 168.0 11*6.9 -6.6 
17 c 0 21.1 21.1 0 -153.5 -153.5 
18 B 1*65.3 -67.7 397.6 1*65.3 -35U.1 111.2 
19 1 320.9 t 253.2 320.9 1 -33.2 
20 161*. 1* 96.7 161*.1* -189.7 
21 B 0 -67.7 -67.7 0 -3ft. 1 -351*. 1 

a-b AB 52.3 337.7 390.0 52.3 363.0 105.3 
b-c BC 573.7 -88.8 1*81*.9 573.7 -200.6 373.1 

11*9 
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Coiaproeaion Surfaoe Deaign 

Panel Buckling 

The buckling of curved plate« under axial or edge compression ia com- 
puted by Wenzek's method (Reference page 31k of "Airplane Structural Analysis 
and Design" by Sechler and Dunn), aa followst 

°"crp - °"crf ♦ <T0rc     (26) 

wherei   0~cr ■ allowable buckling atreaa for curved plate. 

<T  . allowable buckling atreaa for flat plate with same t/b 
'  ratio aa curved plate. 

o"cr - allowable buckling atreaa for cylinder with same R/t 
0  ratio aa curved plate. 

In the above equation, 0"cr and d*cr are determined aa followst 

2        1       .*» 
(27) 

T«. 

For   E - 6.$ x 106 and    y* - .30t 

<Tcrr . 5.88 x K)6 (*,) (t/b)
2  (27) 

-E [?(VR)
1,6

+ .16(VL)1,3] (28) 

•H0        (28) 

wheret     Kf ■ end fixity coefficient for flat plate. 

Kc - allowable «train coefficient for cylinder. 

t - plate thickness - inches, 

b - width of plate - Inches. 

R - radius of oylinder - inches. 

L ■ length of cylinder - inches. 
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The percentage of liadt lead at which panel buckling may be expected is 
shown In Table 2k.    The TUlues are baaed upon the curved plate buckling 
allowables in axial compression computed in Table 23 and neglect the effect 
of shear buckling, since the relatively thick skins employed result in very 
snail shear stresses. 

Ultimate Strength 

The following analysis is presented to show the ultimate strength of the 
compression surface (skin and, spar cape) after buckling of the skin panels has 
taken plane. 

The following method, (Reference page 318 of "Airplane Structural Analysis 
and Design" by Seehler and Dunn) ia used to obtain ultimate strength cheeks of 
the various curred plates Involved. The total oompressive strength of a curred 
plate may be expressed sat 

ptotal '  *wa * T IP ♦ <*-*•> * ^oro <29> 

wheret  ptotal " •U°Mbl* oomprassiTs load in plate-lbs. 

Va   ■ effective width of plate at eaoh edge-ins. 

(Typ  - oovp. yield strength of plate material-pel. 

In Equation (29), effective widths (We) are ooneervatively obtained from 
the "Ultimate Carve" given in Figure 6.2, Page 20$ of the above reference. To 
obtain We/b values from this curve, the stiffener edge stress, 0*se* is assumed 
as equal to CTyp (• 2U,000 psi for FS-lh sheet) and <Tcr ia assumed equal to 

°crf. 

In Table 25, the ultimate compressive surfaoe load is derived from the 
basic section properties for fully effective skins and includes spar cap loada. 
This is compared, in Table 26, with Ptotal for the buckled skins ae obtained 
from Equation (29), pine ZP (allowable) for the spar c«ps. Allowable cap loada 
are baaed on a oompreaalve yield stress of 27,000 psi fur ZK-60 magnesium alloy 
extrusions. 
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TASLE 2li - PANEL BUCKUHQ - PERCENT LDHT LOAD 
0X1AKEC LOADI» - OONDS. A AND B 

® © CD © ® © 
~"""~^--*^»^It«a 

Panel *      *   «-^.^ 
Ultinato 
f0 (lnbd) 

Ultimate 
fo (ontbd) 

LiMlt 
fc (aw) 

^orp 
(«▼er.) 

*Li*It 
Load 

-Bunk-li ng 

Reference Table 11 Table 11 ®+ ® 
2 x 1.5 

Table 23 
fr- 

St*.    0-10 (Fvd) U,870 17,660 10,81*0 16,900 156* 

St«.    0-10 (Aft) 13, Wo 16,090 9,850 16,030 163 

St». 10-30 (Fvd) 17,660 Ui,28o 10,650 Hi, 260 13li 

St«. 10-30 (Aft) 16,090 13,150 9,750 11,020 113 

St«. 30-1*5 (Fvd) U,280 12,120 8,800 11,300 128 

SU. 30-U5 (Aft) 13,150 11,300 8,150 9,110 112 

St«. US-60 (Fvd) 12,120 9,710 7,280 9,880 136 

St«. US-60 (Aft) 11,300 9,130 6,810 8,320 122 

St«. 60-80 (Pud) 9,710 3,360 li,360 6,010 138 

St«. 60-80 (Aft) 9,130 3,290 l*,Uo 7,U50 180 

* Forward «kin «leaent is No. 19, Pig. 83 

Aft skin element Is No. 2, Pig. 83 

1SU 



TABLE 25 - ULTIMATE COMPRESSIVE LOAD IN UPPER SURFACE 
DYNAMIC'LOADINQ CONDITIONS 

1 Ppg - ultimate conpreesive load in upper surface 

I Pus .  2P (element Not. 1,  2, 3, U, 16, 17, 18, 19, 20, 21) 

Reference Table 10 for axial loads. 

^\Sta. 
ElemN. 
Load \ 

0 10 30 1*5 60 80 

Pl -11211*# -10972# -5586# -3093# -U*29# -165# 

P2 -10070 -9909 -5089 -28U8 -1321* -158 

P3 -8285 -8217 -U299 -21*33 -1158 -11*5 

pi* -5505 -5082 -1956 -1695 -13U8 -1*93 

P16 0 0 -53U5 -311*1 -15U7 0 

p17 -7U35 -7771 -U571 -29U5 -1712 -31*9 

P18 -9771 -9762 -5221 -3055 -1525 -216 

p19 -1061*7 -10611 -5670 -3322 -1660 -235 

P20 -lioUl -11036 -$911 -314*5 -1722 -21*5 

P21 -1*975 -5822 -1*51*8 -3763 -1688 -537 

PUS -789UO -79180 -1*8200 -2971*0 -15110 -251*0 
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TABLE 26 - COMPARISON OP ULTIMATE OOMFRKSSIVE LOAD 
TO ALLOWABLE LOAD. 

Ho. 

(1) 

Ite* 

*•• -^Tp    (Skin) 

Ref. 

Pa. \53 

St*. 0 

24,000 

St». 10 

211,000 

St«. 30 

24,000 

St«.  45 

24,000 

St«. 60 St«. 80 

24,000 24,000 
(Spar CjBfj T>A.»*i 27.000 27.000 27.000 27.00Q 27.000 27.000 

JSk TA«. 23 6,850 
In*. TAft. 2.3 

J*Jl£ 2.240 
QJL 

i.?5q 1|?10 1,200 

HI 
W«/b 

T». 25 n.ifo 11,760 ?.7?0 8.640 g,730 3.100 
(6) m (D / a 2.15 2.04 

HOT«, a J18. 
2.4$ 2.78 4. 19 _LJ4_ 

^20. jaa ^2Q0_ ,170 .130 
1?1 b (jfe Sp«r toj3p«r) TA». i» 12-48 u,5S ^68 1^ i*&_ S.Q3 
121 w* 2.72 2.54 2.03 1.66 lilL ^6$!. 

iiol b - 2W* J^L 6.U7 5.62 4.97 1,55 3,78 
iül 2(W»?t O-yp 22,460 19.020 11.990 7.89Q 4,180 1.3» 
J121 fb . MiU <Tcr0 =§±220= JjlfiP. ■l^SQ Jtft. JÜQ_ jsa. 

Ü21 rjOTf TA«. 23 

gnn 
?,830 10.390 7.120 6.7?g 6.47? S.26Q 

(M 
(15) 

(fW 0"crf 2.44 2.31 
W«/b 

3.37 JJl 2i2L Jü5i_ 
WOT«, a .210 ^21i .185 .180 JJL -*165_ 

S61 b (4Sp«r toiSpar) TAft. 2 13.05 11.84 9.43 7.63 JJ1 JJiL 
(17) We 
(181 2We 

2.74 
Ul 

2J1 1.74 _L27_ JUPi. ^S&L 
6.74 Js& 4.89 -2J2. AtZL 

2 Wrt (Typ 22.620 19.090 10.270 6.510 3.650 1.140 
OTa 

ifttmft M -CW*tfa 

8^20 600 1.640 
TAfc. t> .498 

_2i£ 
.344 

ÜÄ. ^£2. 
.213 sa 

SSp«r C«p Are«* (Op) 
IFo*p« (A31ow«ble) 

TAb.t 5.960 4,130 2.560 
(23) 

T24T 
TAV<» 1.682 1.445 .999 .883 .638 .527 

27B0O »I 45,410 39,020 26,970 23,840 17,230 14,230 

(25) IPU.S, (Alloimble 107,700 84,190 58,400 44,270 28,810 17,000 

(26) 2I»U.S. (01ti»»t*) TAb. 25 78,940 79,180 48,200 29,740 15,110 2,450. 

(27) M.S. • .36 ■ .06 -.21 -.49 ♦ .91 Ajqple 

Note«i    («) Reference Figure 6.2, Page 205,   "Airplane Stress Analysis 
and Design" by Sechler and Dons. 

(b) Baaed on we/b - .25 for noae akin. 
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FUSBLAQE 

Introduction 

The fuselage fabricated under Contract AF 33(038)-5121 ia designed to 
be interchangeable with that of the Lockheed F-80C airplane. Consequently, 
it will carry the sane equipment and useful load items for which the latter is 
designed and will house those items at the same locations as on the Lockheed 
F-80C. 

The E.C.A. fuselage structure is of magnesium alloy material and semi« 
monoooque in construction. The external skin covering consists of FS-lh sheet 
varying in gage from ,06U to .102. Bending moments are carried by three or 
four main longerons which are machined from ZK-60A extrusions or bar stock. 
Practically all the secondary stringers used in the Lockheed design hare been 
eliminated in the B.C.A. article. Fuselage frames Tarying in spacing from 6" 
to 15" are placed at the same locations as on the Lockheed article so as to 
SToid internal interference with equipment items. In general, these frames are 
formed from FS-lh sheet. However, special highly loaded frames are made from 
AM 265-T6 (heat-treated and aged) magnesium alloy sand castings (Comp. A). In 
addition, several frames in the aft section are made from stainless steel be- 
cause of high temperatures from the engine tail pipe. In general, most fittings 
are made from ZX-60 or ZK-6QA bar stockj however, in some esses Lockheed type 
dural or steel fittings had to be employed due to space or interchangeability 
requirements. 

The E.C.A. fuselage structural weight is designed to not exceed that of 
the Lockheed article by more than 3%.   Since the equipment and useful load items 
are unchanged both in weight and location, the actual difference in total dead 
weight distribution will be less than 1% or negligible. Consequently, the 
E.C.A. fuselage is assumed to be subjected to the same loadings as the Lockheed 
article. Therefore, the fuselage loads and shears, moments, and torques used 
in this report are taken directly from Lockheed Report U6$7, "Basic Loads, 
Model P-80Ä," except for the new "Rolling Pull-out" condition (unsymmetrical 
tall loading) which is explained in detail.in this report. 

The structure consists of three sectionsf nose, mid, and aft. The nose 
and mid-sections are attached by four tension fittings. The mid and aft sec- 
tions are attached by three tension fittings which take axial loads and six 
pins which take shear loads. Both the fore and aft splices are designed to be 
interchangeable with those of the Lockheed F-80C. 

Vertical loads at the wing-fuselage intersection are taken out by means 
of eight bolts on two bulkheads at the sides of the fuselage as was done on the 
Lockheed article. Similarly, fore and aft loads are transmitted through two 
serrated plates on the wing upper surfaoe and two fuselage side skin panels. 
In addition, chord loads are transmitted through two tension fittings at the 
fuselage centerline, since the Station 0 wing rib lower cap affords continuity 
for ths lower fuselage longeron. 
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The nose structure consists of two vertical beta« formed by four ZK-60A 
extruded longerons and the .091 FS-lh sldn between them. The guns are mounted 
on fittings which bolt to s stepped horitontal deck. The two armament hood 
doors are non-structural and the load carried by the upper hood door support 
is conservatively negleoted. 

In the mid-section, the four nose attaching longerons taper off and shed 
their loads to three main longerons which continue aft to the mid to aft 
section joint. Secondary longerons are also employed to carry axial and bending 
loads locally around cutouts. Most of the external skin covering in this 
section is .061* FS-lh sheet with slightly higher gages on the under side. As 
in the Lockheed design, the following areas are considered non-structuralj 
cockpit opening, nose gear well, dive flap, upper engine access, and two lower 
engine access openings. The fuselage fuel tank cover and cockpit floor are 
considered as structural. 

The aft section consists of the three main longerons from the sdd-seotlon 
and two secondary longerons which are used as longitudinal skin splice members 
in addition to carrying axial loads due to bending. The two upper main lon- 
gerons and the two secondary or splice longerons run full length in the aft 
section whereas the lower main longeron stops at Station 352. No other longi- 
tudinal members are used to carry bending in this section. The skin covering 
in the aft section is all .06U FS-lh sheet forward of Station UOO. Aft of this 
station .OiiO sheet (FS-lh) is employed. 

In the following pages, sample calculations used in the analysis of the 
aft section are shown. 
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AFT SECTION STRUCTURE 

Critical Condition! 

The aft Motion itructure is analysed for the following critical 
condition«t 

(b) Combined B )"" (Ref' UC R,port No* U657' PagM l6? *nd l8o) 

(c) Rolling Pull-out (see below) 

The aft section moments for the rolling pull-out condition are computed 
baaed on the following ultimate loada. (Reference Figure 87.) 

Vertical Tall Load, Py - 6,10$ lba. 

Total Horizontal Tail Load, PH - 5,600 lb«. (OP) 

Load on Left Horizontal Tail, PHL * 3,500 lba. (OP) 

Load on Right Horizontal Tail, PHR - 2,100 lbs. (OP) 

Torque at 4; Aircraft and W.L. 100, T0 - 35U,000 in.-lbs. 

In the calculation of the aft section moments the vertical tail C.P. 
location for rolling pull-out is assumed to be Station 388.55 and the horizon- 
tail tail C.P. is assumed to be Station 389.29. Since these locations are 
almost the same aa the actual values used in the vertical and horizontal Wil 
analyses, a change in calculations is not necessary. 

The data shown above waa obtained during a conference held with Wright 
Field personnel. It was this contractor's understanding that this requirement 
would be issued formally as a change in the subject contract, however, at the 
time this analysis was written, such change order had not been received. When 
the change order, Contract Change Notification No. 1 was received, it con- 
tained the following data for the rolling pull-out condition. 

Vertical Tall Load, Py - -6,100 lbs. 

Total Horizontal Tail Load, Pg - 5,600 lba. 

Load on Left Horizontal Tail, PH . 3,500 lbs. 

Load on Right Horizontal Tail, P^ . 2,100 lbs. 

Torque at fc Aircraft and W.L. 100, T0 - 369,000 in.-lbs. 

Since the increase between the assumed data and the Change Notification 
data waa small, it was felt that the positive margins of safety indicated in 
the original analysis were adequate enough to Justify leaving the original 
analysis unchanged. It should also be noted that during the static test pro- 
gram the structure was subjected to the higher loads. 
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PH=   PHI.-* PH« 

FWO. 

FIG. 87    TAIL   LOADS 

PERCENT   EFFICIENCY 

25 50 75 
LI- £ 

—   UL (RIGHT) 

  UL (LEFT) 

277.5 282.5       307.5 322.5        357.5 

FUSELAGE     STATION 

FIG.8S    SHELL   SKIN    EFFICIENCY 

Ll-ä 
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ii 

I' 

-*- RIGHT SIDE 

LOOKING    FWO 
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SYMMETRY 

Cj- FLANGE ELEMENT 

~j- WEB   ELEMENT 

FIG. 88    AFT   FUSELAGE    STRUCTURE     GEOMETRY 

WEB    AND   FLANGE   ELEMENTS 
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Therefor«, referring to Figures 87 «ad 89, the bending moment« due to 
the rolling poll-out} condition may be expressed .as follow«i 

»I - T0  (30) 

Mj - (5,600) (389.29 - F.S.)    (31) 

MZ - (6,105) (388.55-P.S.)  (32) 

Where P.S. ia the fuselage station. 

Table 27 summarises the ultimate shears, momenta, and torques used to 
analyse the aft section under the three most critical loading conditions. 

Shear Lag Assumptions 

The »hell akin ia assumed to vary In efficiency from zero at Station 
277.5 to 100* at Station 337.5 as ahovn In Pigure 88. The eplice longerons 
(SL) are alao assumed to vary in efficiency as the «hell akin. 

Por the aake of simplicity the shell skin is assumed to act at a constant 
effectiveness due to shear lag around the entire periphery of the «hell at any 
particular station. In other word« it is assumed that any skin in compression 
will not buckle before ultimate load ia reached and thus it behaves similar to 
the akin on the tension side aa far aa shear lag effect« are concerned. 

Section Propertiee 

The shell skin is divided into 20° circular elements aa ahovn in Pigure 89, 
Since the fuselage section at any station ia symmetrical about the Z axis and 
since all akin is assumed acting at the same efficiency, there is no rotation 
of the assumed axea. Therefore, only one «et of section propertlea were cal- 
culated at any section. The final effective areae used in computing section 
properties, together with the ordinates of the element centers of gravity ere 
given in Table 28. Table 29 shows the calculation of the Cn values. The 
effective skin element moments of intertia about the element centrolds are 
summarized in Table 30. 

Detailed calculation» of the «action properties for Stations 292.5 nnd 
307.5 «re shown In Tables 31 snd 32. A summary of the section properties at 
various fuselage stations is shown in Table 33. 
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CABLE 27 - SUMMARY OF SHEARS, MOMENTS, AND TORSIONS 

OONDITZOM 
FDSELAOE STATION 

277.5 292.5 307.5 322.5 337.5 

-12800 

352 

Out 
(1) 

S« -12800 -12800 -12800 -12800 -12800 

%l 
-1,329,000 -1,138,000 -91*6,000 -753,000 -561,000 -376,000 

Comb. B 

(2) 

s. -11600 -111*10 -11300 -11280 -11200 -11100 

V -1*520 -1*520 -1*520 -1*520 -1*520 -1*520 

* -1,178,600 -1,010,000 -81*0,000 -670,000 -1*98,000 -338,000 

H« -5o5,ooo -1*37,000 -370,000 -302,000 -231*, 000 -168,000 

«X -278,000 -278,000 -278,000 -278,000 -278,000 -278,000 

Rolling 
Pnll-Ont 

(3) 

s, 5600 5600 5600 5600 5600 5600 

^ 6105 6105 6105 6105 6105 6105 

»V 626,020 51*2,020 1*58,020 37l*,020 290,020 208,820 

M. 677,960 586,390 1*91*, 810 1*03,21*0 311,660 223,11*0 

** 351i,000 351*,000 351*,000 35l*,ooo 351*, 000 351*, 000 

♦ Mjc - «eta dookviee - looking fox-ward. 

♦ My ■ coapreealon on top fibre«. 

♦ M, - eoapreeeion on right side. 

♦ S   - not« up and to the right. 

(1) Reference i LR 1*657, p*ge 167. 
£2) Reference! LR 1*657, page 180. 
(3)    Referencei    Page 159 
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TABLE 29 - CALCULATION OF Cn VALUES 

E\.tV\lNT 

.    2A    .    R2oC 

where 

oc - Included angle in radians. 

R - Radius to akin in inches. 

Web • 
oC 
Rad. 

Cn VALUES 

Sta. Sta. Sta. Sta. Sta, Sta. 
El. 277.5 292.5 307.5 322.5 337.5 352 

R - 27.5 R - 26.75 R - 25.6 R - 21*. 2 R - 22.65 R - 21.0 

1 20 •3U9 261*. 1 21*9.8 228.8 201*.1* 179.08 153.9U 
2 8.1*3 .156 118.0 111.6 102.2 91.1* 79.98 68.75 
UL 11.07 .193 11*6.1 138.2 126.6 113.0 99.10 85.19 
3 20 .3U9 261*. 1 21*9.8 228.8 201*. 1* 179.08 153.91* 
U 20 .31*9 261*. 1 21*9.8 228.8 201*.1* 179.08 153.9l* 
5 20 .3U9 26U.1 21*9.8 228.8 20l*.l* 179.08 153.91* 
6 20 .31*9 261*.l 21*9.8 228.8 201*.1* 179.08 153.91* 
7 2.98 .052 39.1* 37.3 3l*.3 30.7 26.72 22.97 
SL 17.02 .297 221*. 6 212.5 19U.5 173.7 152.36 130.97 
8 20 .31*9 261*. 1 21*9.8 228.8 201*.1* 179.08 153.91* 
9 10 .171*5 132.0 12U.9 HU.l* 102.2 89.5U 76.97 
LL 10 .171*5 132.0 12l*.9 1U*.1* 102.2 89.51* 76.97 
9' 20 .31*9 261*.l 21*9.8 228.8 201*. 1* 179.08 153.91* 
8« 17.02 .297 221*. 6 212.5 191*. 5 173.7 152.36 130.97 
SL« 2.98 .052 39.1* 37.3 31*. 3 30.7 26.72 22.97 
7« 20 .3U9 261».1 21*9.8 228.8 201*.1* 179.08 153.91* 
6' 20 .31*9 261*.1 21*9.8 228.8 20U.U 179.08 153.91* 
5' 20 .31*9 261*.1 21*9.8 228.8 201*.1* 179.08 153.91* 
U« 20 .31*9 261*.1 21*9.8 226.8 201*. 1* 179.08 153.91* 
3« 11.07 .193 11*6.1 138.2 126.6 113.0 99.10 85.19 
UL« 8.93 .156 118.0 111.6 102.2 91.1* 79.98 68.75 
2« 20 .31*9 261*.1 21*9.8 228.8 201*.1* 179.08 153.91* 
1« 20 .31*9 261*.1 21*9.8 228.8 201*.1* 179.08 153.91* 

TABLE 30 - EFFECTIVE SKIN ELEMENT MOMENTS OF INERTIA 
ABOUT ELEMENT CENTROIDS 

■ 

Fuselage Station 292.5 307.5 322.5 377.5 352 

Eff.   2lyoJ    Jlt0 9.65 16.92 21.1*0 23.1*0 " 18.61* 

165 



**\ 

2 
oo 
CM 

oo 

ON 

CM 

CM 

ON 
sO 
r-t 

i ■ 
UN 
vO 

UN 
sO 

ON 

+ + 

ON • 
UN 
OO 
CO 
Csi 

o • 
oo 
oo 
NO 
rH 

■ ■ 
o o 

i-l       o 

O o I'M -~ 
ON ro + + ,—^ Q 

H 
■s 

r-l 

■s 
r- 3" v4 UN 

UN 

1/vi w it>» 
CO 

N-^ N—^* _3 

1" 
1 i 

i 

ON 

• 

UN UN . s *—* CM >, 

O NO co UN »M M • t **• ■s»^ 

ON ON VO KM ■ 
1 1 N 

i ■ N M 
o o N 

(*» « fr-, N S !*. 

U\ 
ON 
\£> k • 
o 
■ 

S~K 
N -3 -3 

tM >, o sO 
I-l • • 

ON ON 
■ CO -3 O 

UN C*N 
N • 

rH • • 
o >> o o CJ 

I-l CJ CJ 
X 

V H « 
sO N 

O t». N t>» 
rH M M M 

II I ■ • 
o r* CM ON 

CJ CJ Ü O 

fi   If* 

J-i 8 
CO 

-3 
rH 
-3 UN UN • UN 

ON 
UN 
ON 

-I-l i o UN UN O ON ON     O • • 
03 
era 

UN • UN • -3 
ON 

1 

-3 
«""I 

1 

on 
r-l 

1 

0O 
I-l 

1 

O 
»»N 
-3 

co oo 
CD 

CD 1 c— 
ON 
-3 o 3 r-l 

-3 

f- 
O 

<*N 
•  o 

ON 

Os 

r-l 
o 

rH 
O 

o 
o 

1 UN UN UN UN oo CO 
1 CM CM ON ON 

r-l rH 
t- -3 0\ NO NO 

10 ON 
H o o o O o 

rH 

r- 
OO •  o ON o 

V) rH 
1 

Os ON ON 
ON ON 1 1 

o / z / ^-^ ,~-^ 
<>/ CM r-l r-l ^-s 

o/ N—• •-v N»^ , *~* f- O 
t— t— r-N ^ ^—* r-  o CNJ rH 
CM CM I-l X "— CM X 

X CM 
« « _-t ♦ 3 ♦ + 
i-l l-t K CJ K r—* X 

-3 ■3 o ON ON O ON NO     *_» ^-^ 0\ 

/u- ri E-< oo s^ -3 N>r        1 CO >^ 
UN ON N—• 

/ w 1 1 1 

f * 

Z 
NO 

2 
NO o 

t-i ** S?*          If. IN 

Id 
r- &£ ON o 

O        1 
H 

*5 
ON   CJ 

O        1 

rH 
CM   iC 
«       I 

CM 

1 

O 
z i-i CM ON -3 UN NO f>- OO      ON g iH 

rH 

UN 

S5 o 
S w < u 
K2 

6   rH 

KP 

BE 
88 

© cJ5 

ON 
CM 

-3 

CO • 
C7\ 
-3 
CM 

xO 

rH 
rH 
rH 

CNI • 
co 
ON 
rH 

CO 

Os 

CM 

OO 

-3 
CM 

OO 

ON 

CM 

CO • 
ON -^ 
CM 

rrs • 
ON 

UN 

CNI 
rH 
CM 

• 
ON 
-3 
CM 

Os • 
-3 
CM 
rH 

Os • 
-3 
CM 
rH 

CO 

OS 
-3 
CM 

UN • 
CM 
rH 
CM 

ON • 
r— 
ON 

CO 

Os 

CM 

co • 
ON 
-3 
CM 

CO     CO      CM     sO •         •         •         • 
ON     Os    OO     rH 
,3    -3     ON    r-\ 
CM     CM     r-i     H 

CO    oo fl          • 
Os     Os 
-3    -3 
CM     CM 

-3 • 
sO 
Os 

1 "^ pi ® 

® O X 

u 0 
(S) 

(2) 
© 

CM 0 
X 

© 
CO ON CO r-- -3 -3 t— o ON f— ON |N- ON O r- J -3   r-   CO ON   r- ON 

(cc) tNJ -< <»N 
rH 
UN 

ON 
rH 
UN 

ON 
-3 

CM o CM 
rH -3 

CD 
CM 

ON CM 
O 
rH 

ON 

CD 

CM 
o 
rH 

Us 
C— 

CO 
CM 

ON 
-3 

CM 
rH 

O     CM     ON    ON 
r-t    -3    r-l 

UN 

Os     CM 
C-     O 

rH 

UN 
OO 
oo 
CM 

© 
© 

X 

CO 
rH 
ON 

3 3 
CO 

NO 
UN 
UN 

s 
ON o 

sS 
ON. 

SO 
us 

rH 
UN 
UN 

3 OO 
rH 
ON 

OO 
CM 
CM 

CO 
rH 
ON 

3 rH 
UN 
UN 

sO 
UN s 

ON 
NO     UN     -3 

O    tr\   \A   oo 
-3    CO 
-3     rH 
-3     Os 

CO 
UN 
ON 

© ON o^i UN 
CM 

CSJ rH rH 
1 

CM 
1 

rH 
1 

ON 
1 

ON 
1 

ON 
ON 

1 

<-rs. 
1 

ON 
1 

rH 
1 

CM 
1 

rH 
1 

rH       CSI      UN 
CM 

ON     ON UN 
r-l 

© Cv) 

OO 
CM 

• 
•a 
IH 

rH 
CM 

NO 
CM 

6 
o-\ 
CM 

CO 
CO 

ON 
H 

O 
rH 

t— 
H 

O 
H 

Os 

o 
H 
Os 

1 

s 
1 

ON 

o 
OO 
r-l 

1 

■8 
ON 
CM 

1 

rH 
CM 

sO 
CM 

1 

so 
UN 

UN 
CM 

1 

rH 
CM 

sO 
CM 

1 

-3 
o 
ON 
CM 

1 

ON 
o 

i 

O 
r-i 

r~ 
rl 

1 

O 
r-i 

ON 
1 

O     O    CO 
r-l     rH    OO 

OS       f—       ON 
rH    r-l 

-3     r-l 
O    CM 

ON     NO 
CM     CM 

rH 

CM 

CM 

© CM © CM 

CN 

u\ 

CM 

ON 

UN 
c»N 
ON 

rH 

CSI 
NO 

UN 

ON 
ON 

OS 

UN o 
rH 

UN 

ON 
Os 

rH 

CNI 
sO 

CM 

CM 
ON 

UN 

SO 
CM 

CM 

OS O 

CM 

ON 

UN 

so 
CM 

CM 

CM 
ON 

r-l 

CSJ 

NO 

UN 

ON 
ON 

Cr.    UN     rH     o-\ 

UN     ON     CM     UN 
O     ON    >0     ON 
r-l                            ON 

UN      CM 

sO    ON 
CM 

O 

OO* 
00 
NO 
rH 

© Jl» y 

H 
ON 
vO 

O 
ON 
CK 

CD 
r— 
oo O 

ON 
ON 
r— 

oo 
t— 
OS 

ON 
ON 
r— o 

-3 
s© 
sO 

o 
ON 
OS 

H 
ON 
NO o 

rH 
ON 
NO 

o 
ON 
Os 3 ■8 

OS 
ON 
r— 

CO     CK    r*-   CO 
r- ON -a t- 
Os    f—     ©    OO 

S\     ON 
ON     MP o 

© o rH 8 ON ON ON ON ON rH H O 9 H 
1 

rH 
1 

ON 
1 

ON 
1 

«"N   ON   C\   O 
1         1         1      CM 

• 1      1 

© 
CO 
CM CM 

NO 
rH 
ON 

NO 
o 

CO 
ON 

rH 
O 

rH 
SO 

rH 
O 

CO 
ON 

UN 
m 

r-l 
CN. 

CM 

>0 
CM 

vO 
r-\ 
ON 

UN 
ON 

CO 
ON 

•-I 
O 

rH      rH     CO     SO 
O    O   ON   O 

rH      CM 
ON     NO 

►t 

4 -3 ON 
rH 

NO 
rH 8 UN 

CM 
SO 
CM 

UN 
CM 8 ON 

rH 
ON 
rH 

-3 -3 
1 

ON 
rH 

1 

ON 
rH 

1 
8 • 

UN 
CM 

1 
* X? 8 3 

i   •   i   i 

ON     _3 
rH        1 

1 

o 

© i' 
CO 
CM 

1 

(I 

ON     ON 8 
ON 

UN.    UN    UN    VfN    1A 
ON     0\     ON     ON     OS 

^    ^    ^    ^    ^ 
NO 
OO 

O 

U\   UN 
ON     ON 

73 a 
8 
ON 

U\\A              UN\AU\\AUN© 
ON   ON   so    ON    ON    ON   ON   ON   C 
^^OHr^Hrl^^ 

UN    UN 
ON    OS 

3 3 
ON 
sO 

• 

0 
g • 

Vl 
• rH CM £ ON -^t UN sO r— C^ CO ON d m 

ON CO ä m 
r-- NO UN     -5     o->     p <M    r-( H 

CO 
CO 

w 

C 
OJ u « 
V 

UN 
CM 

O 
c 
4) 

• NO 

- *> 

« 
if 

s- 
S 

JC 



CN 

NO 
r- 
r- 
CM 

I 

^^ 
NO 
CN 
rH • rH 
-3 • 
*. ^ CO 
eo UN 
«""» r-i 
u\ CM 

i ■ 
CM CM 
OS ON 

NO NO 
rH f-t 

+ + 
NO CM 

rH i-i 
NO 
t— 3 
CM CM o 

ON 

• • 
o o r-i 

J* l-l o 
a 

o 

o o' VM l* 1 

8 
• 

CN CN + , , ,—» 
c 
r-t 

« 
E-i 

r- \A N 

■s 
6-< 

^^v *r—*, -» CM  ts -3 CM 
^ 

W IrN 

rH 
ON 
ON 

UN 

M 

1 
CN 
NO 
-3 CN 

o 
• 

1 N l>> ( 
• H ■ 1 

O 
1 1 r^ >» o O c_> 

CM CM ON H t-i o u 
Ov ON ^—t *—* M >» Nw* X 

CO UN wO r-i \ X X 
vO NO NO N 
rH rH w lf>J • 1 s t-H 

M 
M M 

• ■ N 
• ■ N t-H ■ • ■ 1 

O O N 
St N 

t-H l-H t-H r-f> 
O 

o cT CM 
C_> 

CN, 
O 

H       1*1 

CM    t-i CN CN o o 
_I_J O   OO . • . oo CD 
-J_i eo   -3 O ON ON o UN UN O • . 
O-) UN   Ov <M CM NO NO oo OO 
ao. -3  -3 •             • CM 

I 
CM 

1 
rH 

1 
t~i CO CO 

CD 
O    O UN UN NO NO 

CO 

5 
-3   t- . * • . r^ rr\ 
CO     CN o i-> rH o CM CM o NO NO 

C— P- o o r-* r4 
O I      I >-K rH CN CN I 1 

o 

t- NO p- r- 
-3 . . rr, CN 

D ON     O o o o o o 
-3 s o OO 

rH 
CO 

Ü 1 CN CN 1 1 

ci 
? / *-^ ^—^ ^—* 

vj/ 
CM jr—> rH *—N. OO o 

£ £ r-i 
w -3 

CM *"* r- o o, 
UN 

rH 

/ • • 
>~' X w X 

♦ 
X • 

♦ 1 t-i   rH X -3 X CM ^—V X 
j -3 -3 ^—* . ^—v UN *^-x 

\ o <-N. 
NO 

r*\ O s NO 
N^ 1 OO 

ON 

/u. -3 CN N^ 

UJ 1 1 1 

or 

UJ 

Vs s* 
X *T ^ !>. |H 

>5 CN c? rH CN 
CM 

O CM 
rH CM 

id rr\ 
r- o i « Ü 1 brf 1 1 Ui 

Ö rH    CM CN -3 UN NO t^ oo ON o r* 
z rH l-t 

o 
r»> 
z 
o 
K w 
-< o 
I-" -a! 
CO I». 

^g 
< CO 

CO >H 

eg 
sz es 

CO 

Bl 
W Q 
CO O 

CM 
rr\ 

23 

© J5 
ON 
CM 

■s 

oo 

CO 
CM 
CM 

CM     NO     CO    CO 

CM    NO    co   eo 
O     CM     CM    CM 
rH     rH     CM    CM 22

8.
8 

22
8.

8 l»N 

-3 
r^N 

UN    CO 

-3     OO 
ON     CM 
rH      CM 

-3 

a 
rH 

-3    OO     UN     CN    OO    00     OO 

-3    OO     -3    -3    CO    OO     OO 
H     CM     ON     CN    CM    CM     CM 
r-i     CM     rH                CM    CM     CM 

OO     NO    CM 

OO     NO    CM 
CM     CM    O 
CM     rH    rH 22

8.
8 

22
8.

8 -3 

CO 
r-i 
t-i 
^3 

© 
in 
K 

O 
O 
a 
a 
in 
</) 
O 
a. 
o 

© © 
xc 

© | 

0 © 
© 

© 
«Ni 

tSJ 
■a; 

© 
© 

ON 

ON 

CM     ON    NO    C^- 

ON      O     NO     rH 
r*N    C—    r-   CM 
r-t     CM 

O    r-i 
CM 

NO 

NO 
r- 

CM      CM 

r-i      ON 
UN     l-N 

H 

ON 

ON 

i-i 

CO     ON     CM      CM     NO     t~- 

t—    ON    ON    r-i    NO    r-i     O 
_3     p-     CN     UN     p-    CM 
3    r-i     rH 

t^    NO    ON 

rH     NO    O 
CM    t—  r- 

CM 

CM     ON 

ON     ON 
CN      P— 
rH     rH 

NO 

i-H* 
NO 
c>- 
CM 

© © 
© 

r- 
ON     O     CM    rH 
O      O    CO    ON 
CN     rH     NO   _3 

NO     -3     -3    CM 

rH 
ON 
-3 

CM 
1 

CM 
CO 
NO 

-3 
1 

r-     ON 
NO      O 
ON     rr\ 

CM     NO 
1         1 

f*N 
C— 
rH 

1 

O     CN     ON     f-     CM    rH 
CN    f-     O     NO     OO    ON 
r-i      T-i      CN      ON     NO     -3 

OO    r-    NO     CM    _3    CM 
rH       1         1         1         1        1 

1 

t-i     CM    Q 
ON     OO     Ö 
^3     NO     r-i 

8 P 
C>     r^ 

NO      P- 

NO 

© tv] 

CO 
CM 

■Si 

CO 
o 
UN 
CM 

NO      rH      f-    rH 
O    CM    fN   r- 

CM      ON    NO    OO 
CM       rH       rH 

rH 
P- 

CO 

r- 

NG 

UN     NO 
CM      O 

r~    CM 
r-i      CM 

1         1 

CO 
O 

UN 
CM 

1 

O    OO    NO     UN    C-   r-i 
t~   o    O    CM    CN   r- 

-3    UN     CM      C-    NO    OO 
CM      CM      CM       rH      f-H        1 

1        1         1         1         1 

t-i      t-    t-i 
t—     CN   CM 

oo    NO   ON 
t-i   t-i 

CM     UN 
CM     CM 

CO 
CN 
UN 

© CM © 
© 

NO 

UN 

-3     OO       ON    CO 

NO     NO     CO    r»N 
-3    r-    O   NO 

r-t       r-l     t-t 

UN   OO 

UN   CN 
CO    NO 

ON 

CO 
o 

ON      -3 

CO     NO 
UN    _3 

NO 

UN 

NO     -3      ON     ON   OO      UN 

O    UN    NO     OO     OO    CN    UN 
S3     UN     O   NO     OO 

r^    f-i      >-i 

co    ON co 

CN    oo   NO 
NC    O   t— 
t-i      rH    t-i 

-3    NO 

NO     UN 
-3 

CM 

tA 

CM 

© J* © 

-3 
NO 
CM 

-3   CM    o -3 
-3   ON   co -3 
NO       f*N     UN   OO 

<»N     rH     UN   NO 
rH 

eg  J 
CM   OO 

f-   NO 

O 
CO 
UN 

UN 

oo   3 
rH     NO 

r~\    CN 

3 
CM 

rH 

-3-3-3    0^-3 
vO    -3    CO    CO   -3    CO 

O    CM    MD      r-i     UN   CO      CM 

rH     CN     CN    UN   M3      f- 
1         1         1         1        1         1 

3     S    ON 
OO     UN   CN 

NO     UN   t-i 
t         1     t-i 

3    * NO      CM 

CN    rH 
1        1 

o 

© t». 

oo 
CM 

* 
-8 

CM 

-3 

^3    CM    H   rr, 
r^    UN    UN   ON 

CM    UN    ON   ro 
rH     r-i     rH    CM 

r^  CN 
-3    ON 

UN    rr\ 
CM    CM 

r-i 
UN 

ON 

rH    -3 
UN    r- 

CO      CM 
•-i      t-i 

CM 
-3 

-3 

CM    -3     r-i     r-i    CN     P~ 
-3    r-   UN   UN   ON   -3 

-3    CM    eo    ON   «n   UN 
1      rH      t-i     t-i    CM     CM 

■         III! 

CN    r-i    CM 
ON    UN   UN 

CN     ON   UN 
CM     r-i    t-i 

1         1       1 

-3     CM 
r-   -3 

CM     .3 
rH        1 

1 

o 

© u < 

0O 
CM . 
•3 

NO 
co 
CM 

NO    _3    NO   NO 
OO     n-\    eo   OO 
CM     t—     CM    CM 

NO    NO 
CO    OO 
CM    CM 

NO 
CO 
CM 

CM     NO 
r-    ao 
r-i     CM 

NO 
CO 
CM 

-3    NC     NO      CM     NO    NO     NO 
CN    CO    CO      C"-    OO    CD     GO 
C-    CM     CM      rH     CM    CM      CM 

NO     NO   -3 
OO     CO    CN 
CM     CM    P- 

NO       NO 
CO     CO 
CM      CM 

-3 
ON 
NO • 

0 £ 
© e 

d 

• 
• rH M     D    n J UN   NO c— ti    CO ON 3     ON    ÖÖ      CO     ?-   MD     UN 

-    -   *T» 
-a   f\ p CM      "*H H 

CO 
OO 

60 

« 
o 
c 
*> 
r. « v< 
4) 

cd 

o 
UN 

u 
c 
4) 

*-l   p- 
0)     NO 

rH 
c 
o 
u 
c 
if 

0 o 

a. 

C 
■H 

CO 



s 

8 

—— 

9 
M o O o O O 

& 

o~ a 3 CM CM 3 s 
H ■ • • » • 

& 3 5 .ON 
UN s ON 

CN «♦N «*N CA -^ 

^ 
9 ■3 -3 ON $ 3 • • • • • 
M ON <*N r>- NO l ä oo 

UN 3 s CN 

s O o o o o 

C^ H CM r— CO • • • • • 
H r- OO CM -^ -3 i UN UN 

-3 $ 3 H CM CM CM CM 

H f\ «-I -^ CO • • • * • 
f I 

CM 

NO £ CN £ 
£ CM- R El 

i« 6 OO 
CN 
■LA 

CM* 
CO 2 0\ 

3 • • • • • 
CM 1 t 

IK 
O o o o o 

8 UN in U\ ir> o 
■H • • • • 
•♦» CM r— CM t— CM 

5 ON o CM r^i UN 
CM f\ r»N m CN 

CO 

\A o -3 m OO f^ t- CN 
i»> • • • • • 

M o 
3 

CO 
CO 9 

UN 3 

s 
CN M> 

r~\ UN o fN r- ON • • • • • 
£ CM 

M 
ON 
oo $ $ CO 

ON 8 
| 

H 
1 

l-l • 7 1 i 

OS 

3 CN NO 3 H 
UN 

.H • • • • • 
M 

• 1 
M? 5 1 

CO NO ON 
ON o o H UN • » • • • 

05 

M 

* 
NS S 3 CM 

1 

8 CM 3 • M3 • 
-a 
UN • 3 • 

3 M 
u\ 
C\ 

CM 

8 ä UN 
UN 
H 

d UN <M Ä g 
.H • • 
M 

UN 
CM 

Pi CO 
00 

CO 

3 O O 
CO CM o • • • • • 

4P 8 CN 
CO 
H 

a 
CM s * 

8 
1 1 

4» 

■jj 
CM 

ON 
co • • UN • • 

f-i 
CO • 

* M r- 
ON s g 8 CM 

t- 

1 
CN CN CM «H H 

H 
M 

O O o O O 

8 
■rl 
♦» 

4 UN • 
CM 

• UN 

CM 

U\ O • 
CM 

i R? « 
CM 
CN 

CN 
CN 

UN 
CN 

168 



B tiding Sjgesaes and Axial Load» 

The aft section shell ia circular throughout.    The Method of analysis 
is aa follows.   The bending streaaes are computed by means of the general 
fonralai 

ffa - *T V«. - M. V y,   > "« Va' - fr I,» „    ....   (33) 
Iyl Ijl  - Iyljt? Iyl Igt - Iylgl* 

letting 

c°" w - v.-2 °3"VE' x c° 
(^ . Iyi x C0 % - C3 My - CxMa 

C2 - I,, x 0o K2 - C3 M, - C^    - - - (3k) 

Utilising the abbreviations of Equations (3k),  Equation (33) becomes» 

fb . Kj j* * K2 •'     (35) 

From Figure 90 

y' - y - y and »' • s - i"   ---------- (36) 

Therefore, the resulting expression for the bending stress ist 

fb . Kx y ♦ K2  s * K3    (37) 

wheret 

K3 . -KX y - K2 7     (38) 

Detailed calculations of the bending stresses in accordance with Equation 
(37) for Stations 292.5 end 307.5, are shown in Tablea 35 end 36 with a 
summary of the stresses at all aft fuselage stations investigated given in 
Table 37. For convenience of calculation, the constants, 0j_, C2, and 03, shown 
in Equations (3h),  havs been determined in Tables 31 and 32 for Stations 292.5 
and 307.5 end summarised for all stations investigated in Table 33. The 
values of the bending constants K^, K2, and K3, aa defined by Equations (3k), 
have also been calculated in Tables 31 end 32 and summarised far all stations 
in Tabls 3k. 
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The axial load on each element la calculated in Tablea 35 and 36 for 
Stations 292.5 and 307.5 by multiplying the ultimate bending atreeaes by the 
corresponding element effective area. 

Since at the Station 277.5 splice, the bending moments are carried by 
tens ion-type fittings on the three main longerons, the longeron loads at 
Station 277.5 *re determined as follows. Referring to Figure 92, 

FflL, (left) - 1/2 (fl5%j) ♦ 33^ - -.01070« My + -03022 ** 

- - - - (39) 

POL (right)  - l/2(jjr^j) - jgfe - -.0107C8 My - .03022 M, 

....    (1,0) 

PLL " T&fa ' -O^2 «T  (U) 

The calculation vi  the longeron loads in accordance with Equations 
(39), (1*0), and (Ul), ior Station 277.5, 1« ahown in Table 38. 

The aft section longeron loads are summarised in the plot shown In 
Figure 93. 
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NOTE: DESIGNATIONS 
,;AN0  lyVARE NOTED. 

AS  ly, l8,AND  lyt IN TABLES 
OF  CALCULATIONS. 

(a) 

STA. 6 

AVERAGE 
STA. 

C»?AV »-£  

SKIN CUT HERE 

(K=o) 
FLANGE 
ELEMENTS 

2 A = C77AV 

AVERAGE   STATION 

(b) 

FIG.01 
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Shear Flow Calculation» 

The shear flow distribution is determined by the & P method for a «ingle 
cell structure and follows the general method for a multi-cell structure out- 
lined in the horizontal stabiliser analysis. After the flange loads are deter- 
mined at the various sections, two adjacent stations are selected ma shown In 
Figure 91(a). The skin is cut as shown in Figure 91(b). Wheret 

_£2 -0       (U2) 
AI 

and the incremental shear flows are calculated by the expression 

_£P . Pna - Pnp        (^3) 

AX    hi 

then 

On1 - Z -4U         (UU) 
n-1  AI 

(On1 - unconnected shear flows in web, n) 

Equation (Ui) yields uncorreoted skin shear flows which must be corrected 
so that the summation of torque equals tero. using Point 0 (see Figure 90) as 
a reference, the torque of the uncorrected shear flows about 0 is - 

T- SOn1 ' CftAv       0*5) 

Letting Qf be the correcting skin shear flow and to equal to the average 
applied torque between Station A and B we hares 

therefore 

Or - (To - 2 On1  -CnAV)/2A     (U7) 

where 

The final shear flow is given by the expression - 

<fa - Or * ^  (U8) 

Tables 39, 1*0, and la illustrate the application of the method of shear 
flow calculation as applied to the bay between Station 292.5 and 307.$. The 
ultimate shear flows throughout the fuselage aft section are summarised in 

Table U2. 
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TABLE 39  -  CALCULATION 0? RESULTANT SHEAR FLOWS 
STATION 292.5 TO STATION 307-5 

© © © © © © © © 
Web P 

Pvd. St». Aft St*. "/* Q» Sv Q' * SLY Q 

R«f. Tab. 35 Tab. 36 <D-Q*i5 !<£> • (D x © <* * <D 
1 11*21* 2392 -61*.5 -61*.5 -61*.$ 

2 1235 2097 -57.5 -122.0 -122.0 
UL 9108 1*670 295-9 173.9 173.9 
3 882 151*3 -1*4.1 129.8 129.8 
1* l*06 796 -26.0 103.8 103.8 

5 -135 -52 -5.5 98.2 98.2 
6 -676 -901 15.0 113.3 113.3 
7 -115 2 -161*7 33.0 11*6.3 11*6.) 

SL -695 -101*2 23.1 169.1* 169.U 
3 -1506 -2202 1*6.1* 215.8 215.9 

9 -169U -21*96 53.5 269.3 269.3 
LL -11*1*00 -6311 -539.0 -2£9.3 -269.3 

9' -1691*      i    -21*96 53.5 -215.8 -215.8 
8« -1506 -2202 1*6.1* -169.1* -169.U 
SL« -695 -101*2 23.1 -11*6.3 -11*6.3 
7' -1152 -161*7 33.0 -113.3 -113.3 
6' -676 -901 15.0 -98.3 -98.3 
5' -135 -52 -5.5 .-103.8 -103.8 
I*' 1*06 796 -26.0 -129.8 -129.8 

y 882 151*3 -1*1*. 1 -173.9 -173.S 
UL' 9108 1*670 295.9 122.0 122.0 
2« 1235 2097 -57.5 61*.5 6U.5 
1« 11*21* 2392 -61*. 5 0 0 

^AT ■ ^292.5 * C»307.5^2 

UT - <TC -   I Q> CnAy)/2A . 0 

where    T0 - (T292.5 + T307.5>/2 

(Cn raluei fro» Table 29) 

(Torsion rmluea fro« Table 27) 
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TABLE do - CALCULATION OF RESULTANT SHEAR FLOWS 
STATION 292.5 TO STATION 307-5 

© © © © © © © © 
W«b P 

Pud. St*. 
P 

Aft Sta. *?/Ax Q« ^AF Q- • \Y Q 

Ref. Tab. 35 Tab. 36 d> -0X15 z<D • ©   X   © QT + (D 
1 1U*2 231*1 -59.9 -59.9 239.3 -11*331* -258.2 
2 1609 21*87 -58.5 -118.1* 106.9 -12657 -316.7 
OL 131*58 6101 1*90.5 372.1 132.U 1*9266 173.8 

3 1567 2327 -50.7 321.1* 239.3 76911 123.1 
It 1323 1881 -37.2 281*. 2 239.3 68009 85.9 
5 *>1* 1203 -19-9 261*.3 239.3 6321*7 66.0 
6 36J 373 -.7 263.6 239.3 63079 65.3 
7 -238 -507 17.9 281.5 35.8 10078 83.2 
SL -188 -380 12.8 291*. 3 203.5 59890 96.0 
8 -821* -1331 33.8 328.1 239.3 7851U 129.8 

9 -1326 -2000 1*1*.9 373.0 119.65 1*1*629 171*. 7 
LL -12776 -5606 -1*78.0 -105.0 119.65 -12563 -303.3 

9' -1681 -21*31* 50.2 -51.8 239.3 -131H* -253.1 
8' -181*8 -2581 1*8.9 -5.9 203.5 -1201 -201*. 2 
SL« -101*5 -11*72 28.5 22.6 35.8 809 -175.7 
7' -1807 -21*20 1*0.9 63.5 239.3 15196 -131*. 8 
6' -1563 -1971* 27.1* 90.9 239.3 21752 -107.1* 
5' -Hid» -1296 10.1 101.0 239.3 21*169 -97.3 
!*• -602 -1*66 -9.1 91.9 239.3 21992 -106.1* 

3' -1 1*13 -27.6 61*.3 132.1* 8513 -13l*.0 

DL« 2709 2193 3U.U 98.7 106.9 10551 -99.6 
2' 581* 1238 -1*3.6 55.0 239.3 13162 -11*3.3 
1» 1086 1907 -5U.7 0 239.3 0 -198.3 

1*307.1* 575898 

^AY " (C»292.5 * C»307.5)/2 (C° ywim* "■ fro" Tab1- ^ 

QT • (T0 -  2Q1 CnA7)/2A - (-278,000 - 575,898)A307.U - -198.3 

*b»r«     T0 - (T292#5 ♦ T307.5^2 (Toraion yaluaa fro« Tabla 27) 
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TABLE Ul - CALCULATION OF RESULTANT SHEAR PLOWS 
STATION 292.5 TO STATION 307.5 

© © ® © © © © © 
Web P 

Pwi. St*. 
P 

An Sta. *>/* Q» S, Q 

Ref. Tab. 35 Tab. 36 <D-0h5 x(5) * i© • <D Qr* © 
1 -917 -11*1*8 35.1* 35.1* 239.3 81*71 298.5 
2 -1276 -1851 38.3 73.7 106.9 7879 336.8 
UL -115U9 -1*871* -1*1*5.0 -371.3 132.1* -1*9160 -108.2 
3 -11*72 -2027 37.0 -33U.3 239.3 -79998 -VI. 2 
1* -11*85 -1955 31.3 -303.0 239.3 -72508 -39.9 
5 -1310 -161*5 22.3 -280.7 239.3 -67172 -17.6 
6 -970 -1133 10.9 -269.8 239.3 -61*563 -6.7 
7 -50U -1*82 -1.5 -271.3 35.8 -9713 -8.2 
SL -2U* -225 -1.3 -272.6 203.5 -551*71* -9.5 
8 30 231 -13.1* -286.0 239.3 -681*1*0 -22.9 
9 568 919 -23.1* -309.1* 119.65 -37020 -1*6.3 
LL 6856 3057 253.3 -56.1 119.65 -6712 207.0 

9' 101*5 11*99 -30.3 -86.1* 239.3 -20676 176.7 
8« 11*01* 1902 -33.2 -119.6 203.5 -21*339 11*3.5 
SL« 906 1235 -21.9 -11*1.5 35.8 -5066 121.6 
7« 1601 2078 -31.8 -173.3 239.3 -1*11*71 89.8 
6« 1611* 2006 -26.1 -199.1* 239.3 -1*7716 63.7 
5« 11*38 1696 -17.2 -216.6 239.3 -51832 1*6.5 
1*' 1098 1181* -5.7 -222.3 239.3 -53196 1*0.8 

3' 632 533 6.6 -215.7 132.1* -28559 1*7.1* 
OL« 2873 351 168.1 -1*7.6 106.9 -5088 215.5 
2' 99 -180 18.6 -28.5 239.3 -6820 231*. 6 

1« -1*1*0 -868 28.5 0 239.3 0 263.1 

1*307.1*          -779.173 

°nAV " (Cn292.5 * °n307.5)/'2 (Cn Y*lu" *" from T4bl* W) 

C>r - (T0 -  iQl Cn J/2A - (351*.000 ♦ 779,173)/U307.U - 263.1 3AV 

where  T0 - (T292i5 ♦ T3o7<5)/2 (Torelon value« from Table 27) 
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DESIOW OF MEMBERS 

In this section the primary fuselage structure is designed to carry the 
axial loads and shear flows found in the preceding stctlons. 

Longeron Design - Axial Loads 

The aft section longerons carrying axial loads only are checked in Table 
Uu Since none of these longerons are critical in tension, only the check of 
those critical in compression are shown. 

Detailed calculations of the section properties and allowable stresses are 
shown for the upper and lower longerons at Station 282* in Table U3. Referring 
to Figure ?U the allowable stresses of the longeron elements are determined as 
follows, based upon the crippling stress of flat elements under various con- 
ditions of edge support. Where (Ref. Timoehenko "Theory of Elastic Stability," 
Pg. 331) 

FCr - K*
2 % (t/b)2/!2(l-,M2)     (U9) 

where K ■ coefficient dependent upon edge conditions of flange 

% - effective modulus of elasticity 

t » flange thickness 

b - flange width 

M   - Foisson's ratio, assumed equal to 0.3 

Case I - Long Flange, One unloaded Edge Simply Supported 

(Reference Element (3)) 

K - .156 (Ref. Timoshenko, "Theory of Elastic Stability, Pg. 3h0) 

% . Secant modulus of elasticity - Es (Ref. Stowell, NACA TN 1556, P.It) 

Fa - .U56 n\ (tA)2A2U -32) - .1017 EsAb/t)2       -   -   -   (50) 

Case II » Long Plates, Both unloaded Edges Simply Supported 
(Reference Element (1),  (2), and (5) 

K - U.O (Ref. Timoshenko, Pg. 330) 

% - Eg [.5 4  .$(.25 * 7$Et/Es)
1/2] (Ref. Stowell, Pg. U) 

FCR " Un* h (tA)2A2(l - .32) - 3.6116 s|/(b/t)2 -    -   -   ($1) 

183 



Case in - Long Plat«, Both Unloaded Edge» Clamped 

K - 7.5 (Ref. Sechler and Duma, Pg. 168) 

% - % [ .3«>2 ♦ .6U8(.25 ♦ .75 EtAs)1^2 ]  (R«f- Stowell, Pg. U) 

*"CR - 7.5n2 % (t/b)2/12(l - .3*) - 6.7717 SpAb/t)2  - - - (52) 

Design of Shear Panel» 

The skdn covering in the aft section is designed to cany axial loada as 
well aa »hau- flows. Consequently, the akin panel» in this region art analysed 
to otrry the combined «hear and axial compression loads computed in the pre- 
ceding eection. In general, non-buckled skin panels up to liadt load «ere de- 
aired. This was obtained in practically all cases as shown by the following. 
Note that the stress ratios were combined according to the formula, 

Rj ♦ R2 - 1.0      (53) 

which holds for circular sections in bending and torsion as per AMC-5», Page 28. 

The allowable buckling shear stresses are ooaputed in Table \6,  in 
accordance with the formula, 

F.cr-*s *2Vi2(l -*:Wt)2    (5b) 

(Ref. NACA T.H. #13U7) 

where 

K8 - shear stress coefficient 

E - modulus of elasticity 

ju   - Poisson'a ratio 

b - width of plate (measured along the plate) 

t ■ thiclcness of plate 

R   - radius of plate 

The values of Ks were obtained from HACA T.N. #13U8 where the variations of 
Ks with the curvature parameter Z for various ratios of panel width to length 
are plotted. The curvature parameter 

Z - b2(l ->* 2)V*/fct      (55) 
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i ■ 

Tht allowable buckling stresses due to edge compression are computed 
in Table U6. Slnoe R/t < 5oo, the Kaneadtau and Nojima formula race—ended 
in KkCA T-N. #13U3 la need aa followai 

r0cr-E [.UCt/t)
1-* ♦o(t/fc)1.6]     (56) 

The greateat ahear flowa occur in the region between Station 277*5 and 
292.5 aa shown in Table U2. The loweat value of 7Sor in thia region ia obtained 
in the panela between Stations 277.5 and 283.2 aa shown in Table U5. Since the 
edge coapreaaion stresses in these skin panels are negligible, buckling of the 
panels is baaed on the ahear flowa only. 

tfkln . .06U (PS-lh) 

^  - 6U3 lbs./in. (ultimate) (Roll. P.O.) Table 1*2 

f»(max.)" "56U " 10'05° pBi ^tiMte) 

f§.   .- äfii222 - 6,700 pai (limit) 
v""*»J  1.50 

's   - 6.960 pal  (Table U5) 
or 

Panel will buckle at f^P- x 100 - IOM of limit load. 
6,700 

Panel nay be considered shear-resistant (K - 0) 

Ultimate gross ahear strength of skin 

y^  - 13,500 pel 

M.S. (Ultimate Shear) - üi|22 .1 - ♦,3U 
10,500    === 

The above value for X la baaed on the aas» value of "*V/^* obtained in 
Figure U of NiCA T.N. #1756 for 2l*ST sheet. ° 

The peroent of limit load at which buckling will occur in various aft 
section skin panela is computed in Table U7. 
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TABLE U3 - SECTION PROPERTIES AND ALLOWABLE STRESSES 
UPPER AND LOWER LONGERONS - STATION 28U 

ITEM OIMENS. NO 
PTS b/t Fcr AREA Per 

REF FIG. 94. IN.2 LBS. 

1 2.0 x .072 1 W.5 11,700 .liOl 1685 

2 U.O x .072 1 UU.5 11,700 .288 3370 

3 .70 x .072 U 9.7 21,800 .202 Ul*o5 

h 2.0 x .072 2 27.8 2U,000 .288 6910 

5 1.55 x .128 2 12.1 2U.000 .397 9530 

Fcr (arer) . ■ 19,61*0 1.319 25,900 

NOTE«    The shore actual section differs »lightly from the assumed section used 
to determine longeron loads (see Table 28).    The difference is small 
enough to be considered negligible. 
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TABLE 1*5 - ALLOWABLE BÜCKLING SHEAR STRESSES 

- All skill panels are FS-lh material 

Skin Panels t b a *R Z u '■or 
Sta. 277.5 to 283.2 .01 & 5.7 1*5.0 27.U 17.7 9.UO 6960 

283.2 to 288.2 5.0 lilt.6 27.2 13.7 8.U0 8080 

288.2 to 292.2 l*.3 Ui.l 26.9 10.2 7.50 9760 

£>2.2 to 307.5 15.0 1*3.0 26.2 128.0 32.8 3510 

307.5 to 322.5 15.0 1*0.8 2U.9 131*. 7 3l*.0 361*0 

322.5 to 337.5 15.0 38.1* 23. U Ü*3.2 35.5 3800 

Sta. 337.5 to 352.0 .061* Hi.5 35.8 21.8 11*3.7 35.7 1*080 

?acr - K8  7\2E/12(1 -/i2)(b/t)2 E - 6.5 x 106 

TABLE 1*6 - ALLOWABLE BUCKLING STRESSES - EDGE COMPRESSION 

/l - .30 

Skin Panels t L - b R F«cr 

Sta.  277.5 to 283.2 .061* 
i 

5.7 27.1* 6650 

283.2 to 288.2 5.0- 27.2 7250 

288.2 to 292.5 U.3 26.9 8090 

292.5 to 307.5 15.0 26.2 U750 

307.5 to 322.5 15.0 21*. 9 5060 

322.5 to 337.5 15.0 23.1* 5510 

Sta. 337.5 to 352 .061* LU.5 21.8 6070 

FCcr - E    '  .I6(t/L)1>3 ♦ 9 (t/R)1,6] E - 6.5 x 106 
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TABLE U7 - LIMIT STRESSES UJD BUCKLING RATIOS 

LIMIT STRESSES 

© © © ®     © ® © © 
Skin Panels 

Web & 
Flange 

Ho. 
Cond. 

fb (tilt.) 
Average 

fb(li*lt) q (ult.) fs(linlt) 
Fwd. Aft 

Ref. Plg.89 Table 37 1 ■oei <5"> 
Ti Tab. 1*2 1.5(.o61i 

Sta. 292.5 to 307.5 2 Roll. P.O. -2135 -3235 -1790 337 3510 

307.5 to 322.5 -   2 Roll. P.O. -3235 -3665 -2300 215 221*0 

322.5 to 337.5 7' Coab. B -U350 -3830 -2730 168 1750 

St«. 337.5 to 352. 7« Co*. B -3830 -3370 -2U0O 190 1980 

BUCKLING RATIOS 

© 0 $ ® © © © 
SklA Panel« 'OCR «b F*CR Rs J*b2* R.2 Buckling 

% Limit 

Ref. Tab. 1*6 ©/© Tab. U5 ®/® &«» Mo? 
Sta. 292.5 to 307.5 1750 .377 3510 1.000 1.069 9W 

307.5 to 322.5 5060 .«55 361*0 .616 .766 130 

322.5 to 337.5 5510 .1*96 3300 .U61 .677 11*8 

Sta. 337.5 to 352. 6070 .396 U080 .1*86 .627 159 
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VERTICAL STABILIZER (PIN) 

Introduction 

The fin is of conventional design, with front and rear beams, and sheet 
metal akin« combined to form a closed torque box. 

AU sheet metal conforms to Specification QQ-M-UU, hard rolled magnesium 
alloy. Extrusions are fabricated from Dow Chemical Co. Spec. ZK-60,  Certain 
of the hinge fittings are made from Spec. AN-H-36, Comp. A, heat-treated 
aged magnesium alloy castings. The main fin to stabilizer fittings are steel 
forgings, heat-treated to 150,000 psi tensile strength (minimum). 

The method of analysis employed vas identical with that shown In Lockheed 
Report #1*660 and may be briefly described as followsi 

(1) Preliminary shears, moments and torsions for the vertical tall 
surfaces based upon the net fin load and ignoring the rudder load were obtained 
directly from Lockheed Report #U660, pages Uli and 115, far the Balancing and 
Dynamic Conditions. The corresponding loads for the Rolling Pull-out Condition, 
a new contractual requirement, were obtained from the Balancing Condition by 
proportion. 

(2) The fin deflection curve was calculated for the Balancing Condition 
and the rudder hinge reactions due to this deflection were then computed. The 
hinge reactions on the rudder due to fin deflection for the other flight con- 
ditions were then obtained by proportion. 

(3) The rudder hinge reactions were then determined far the rudder air 
loads acting on the unrtsfleeted support system. These calculations were made In 
detail for the Balancing Condition and the hinge reactions for the other loading 
conditions obtained by proportion. 

(U) The final rudder hinge reactions were obtained by adding the results 
of Steps 2 and 3. 

(£) Using the results of Steps 1 and h,  the final fin and rudder shears, 
moments and torsions were calculated. 
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Loads on Vertical Tall Surface« 

Total Load« on Surface« 

(a) Balancing Condition 

With reference to Lockheed Report #1*660, page 111, the loads for this 
condition are as followst 

Load on fin - 5900 lbs. 
Load on rudder • 975 lbs. acting opposite to the air load on the 

fin. 
Net tail load - 5900 - 975 - 1*925 lbs. 

The chordvise distribution of the air load is as shown in Figure 95. The 
preliminary shears, bending moment and torsion about the hinge line are obtained 
from Lockheed Report #1*660, page 111*, and are tabulated in Table 1*8. 

(b) Dynamic Condition 

With reference to Lockheed Report #1*660, page 112, the loads for this con- 
dition are as fc.'^vsi 

Load on fin - 3880 lbs. 
Load on rudder • 61*0 lbs. 
Total tail load . 3880 ♦ 61*0 - 1*520 lbs. 

The chordvise distribution of air load on the vertical tail for this con- 
dition is shown in Figure 95. The shears and bending moments are obtained from 
Lockheed Report #1*660, page 115, and are tabulated in Table 1*8. The values of 
torsion about the hinge line shown In Figure 95 sre obtained by multiplying the 
torsion from the Balancing Condition by the following factor. 

(3880/5900)(.538/.6o5) - .585 

The above factor is made necessary by the difference in chordvise center 
of pressure (see Figure 95)• 

(c) Rolling Pull-out Condition 

The loads on the vertical tail for this condition are as followst (Ref. p. 159) 

Load on fin - 6105 lbs. 
Load on rudder - 0 

The chordvise distribution of air load on the vertical tail for this con- 
dition is as shown in Figure 95. The shears and bending moments are obtained 
by multiplying the values from the Balancing Condition by the ratio (6105/5900) - 
1.035« The torsion about the hinge line is obtained by multiplying the torsion 
fro« the Balancing Condition by the ratio (6105/5900)(.61*0/. 605) ■ 1-095. The 
resultant shear, bending moment and torsion about the hinge line are tabulated 
in Table 1*8. 
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TABLE ü8 - PRELIMINARY SHEARS, BENDING MOMENTS 
AND TORSION ABOUT HINGE LINE 

(Reference Figure 95) 

CO «    (D     (Ö 0) CO CO CO « 4°) 

Fin 
Station 

Balancing Condition Dynamic Condition Rolling Pull-Out Conditie i 

Shear BendLlJig Torsion 
about 
Hinge 
TAL 

Shear 

SAL 

Bending 
Moment 

BM 
AL 

Torsion 
about 
Hinge 
TAL 

Shear 

SAL 

Bending 
Moment 
BMAL 

Torsion 
about 
Hinge 

*AL 

Moment 

Ref. Note 1 Note 1 Note 1 Note 2 Note 2 Note 3 l.o35(I 1.035® 1.095<D 

192.79 0 0 0 0 0 0 0 0 0 

180 6U* 3720 7020 liOb 21*50 1*110 636 3850 7680 

170 1210 1271*0 151*20 791* 8380 9020 1250 13190 16880 

160 1920 28290 27670 1270 18620 16200 1990 29300 30300 

151 2660 1*8860 1*2170 1750 32150 21*700 2750 50600 1*6200 

11*3 31*00 7301*0 58190 221*0 1*8060 31*100 3520 75700 63700 

135 1*200 1031*00 77510 2760 68010 1*5300 1*350 107200 81*800 

128 U960 1351*00 97280 3270 89090 56900 5130 11*0200 106500 

120 5900 178800 123500 3880 117600 72300 6110 185000 135200 

Notes» (1) These value« are from Lockheed Report #1*660, pg. Hi*. 
(2) These value« are from Lockheed Report #1*660, pg. 115. 
(3) Tcrque about hinge line - ,585 (1*) (Ref. page VL) 
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Fin Section Properties 

The section propertiea of the fin are computed on the basis of the 
following assumptions: 

1. The crippling stress of the bean in compression is assumed the 
Uniting value for the section. 

2. The effective width of akin acting at the rivet line attaching akin 
to bean is baaed upon the following equation, obtained fro» page 206 
of Sechler and Dunn. 

wE/b - 0.25(1 ♦ FCR/FC) (pCR/Fc)n     <*7) 

where   n . 0.37 Fc/FGT   ----- - (58) 

Wg  - effective width of aheet acting on one side of rivet 
line attaching sheet to stlffener. 

FCR - critical buckling stress of panel (simply-supported edges). 

FQ  - coapreasion stress in stlffener. 

?CT ■ compression yield stress of sheet material. 

b  - panel width 

t   - sheet thickness 

The critical buckling stress (FQR) of a flat panel with all edges simply 
supported and with a length to width ratio greater than 1.0 la given by 
Equation (51), where 

FCR . 3.6116 Qi/(b/t)2       (5D 

The compression stress of a stlffener. is calculated using Equation (50), 
where 

FC - .1017 Es/(b/t)2    (50) 

3. The effective section is assumed eymetrlcal. 

Sample calculations of the fin section properties are shown for Fin 
Station 121 in Figure 96. A summary of the fin section properties for all the 
sections investigated is shown in Table U9. 
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FIGURE 96 - TOI 3ECTIOM PROPHtTIBS - STAnOK 121 

302 

2.60 

b (skin flange) - 1.5l 
b/t - 1.51/.250 - 5.0O 

b (skin flange) - 1.50 
b/t - 1.50/.2O - 7.5 

?c - 27000 lba/aq.in. (Ref.  1 Squation 50) 'c - 27000 lbs/aq.ii 1. (Ref. Equation 50) 

b. - 2U.75 iJ».   b/t - 2U.75/-051 - U85 we -  .61 in.    (sane aa for front bean) 

Fcai - 3.6l2x6.50xl06/W52 -10O lb«/sq.in. 

n - .37 x 2700O/2UOOO - .U6 

*eA>e -  .25(1 ♦ 100/27000)(100/27000) •lil6 

- .02U5 

ve - .0215 x 2U.75 - .61 Ins. 

Itsa Dl—waion A 7 V I ten Dimension A 7 V2 

® 1.82 x .051 .0928 2.66 .657 ® 1.01 x .051 .0515 2.63 .356 

® 1.51 x .302 .166 2.U7 2.780 ® 1.50 x .20 .300 2.U4 1.785 

® 1.0   x .238 .238 2.03 .980 ® 1.0    x .20 .200 ''.13 .907 

© .87 x .06U .0557 1.97 .216 .© .90 x .06U .0576 2.07 .21.7 

z 1.633 z 3.295 

In.!l 1.633 - 9.26b Uu.U IRB - 2 x 3.295 - 6.590 lna> 

<Vr>i B . (9.266+ 6. 590/2.6 & - 5.9 S lna.3 dF/y )RB - 15.86/2.1 S3 - 6.0. ) Lna.3 
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TABLE 1*9 - SOMMARr 0? TIN SECTION PROPERTIES 

CO CO <>) 00 CO W w w 
Tin 

Section 

Front Be«» Enar BOMB 

Total 

Wh V*F *FB (xF/y)pB rSB <Vr)RB 

R«f. <?)*  ® ©/© ©/  © 
121 9.266 5.96 6.590 6.03 15.86 .581* .116 

128 7.1*30 5.36 5.790 5.36 13.22 .562 .1*38 

135 6.17C li.85 5.078 li.99 11.25 .51*8 .1*52 

11*3 U.620 3.?U 3.676 It.03 8.30 .557 .1*1*3 

151 3.601; 3.17 2.59U 3.32 6.20 .582 .1*18 

160 2.500 2.U2 1.690 2.56 1*.19 .597 .1*03 

170 1.866 1.93 .978 2.03 2.81* .655 .3i*r 

18O.1I 1.1*02 1,57 .576 1.68 1.98 .709 .291 
— 
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Petermlnation of Fin ShsarSj Momenta gad Torques 

Distribution of Final Fin Shear Along Hinge Line 

The loading on the fin due to its own air load and the hinge loads 
from the rodder arc« aa indicated in Figure 97. 

The «hear at any etatlon "n" it given by the following expression. 

Sn--SAL-SH    ($9) 

where   S^ ■ summation of »hear due to air load fro» Station 192.79 
to Station "n". 

SJJ  ■ summation of hinge loada acting between Station "n" and 
tip of fin. 

The values of SH are determined as followst 

From Sta. 180.0 to 170.$ % • Ri8o 

From Sta. 170.$ to 13$.$ SH - Rl8o ♦ R170.$ 

From Sta. 13$.$ to 120.0 SH - R180 ♦ R170.$ ♦ R13$.$ 

where R is the hinge reaction determined by the method outlined on Page 190 
These hinge reactions are summarised and the resultant fin shear determined 
in Table $0 for the various loading conditions. 

The final fin shear distribution is determined, using Equation ($9) in 
Table $1, and plotted in Figure 98. 
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FIOURE 97 - FIN LOADINO 

TABLE 50 - SUHHURI OF HINOE REACTIONS AND RESULTANT FIN SHEAR 

ft) ft) 6) (k) 6) (6)    1    M 

FU» 
Station 

BalmncJ Lng Cond. Dynaaic ! Coad. Roll. Pull-Out Cond. 

R % R h R h 

Ref. X® 1<£) X© 
192.79 - 0 - 0 «M 0 

-180.0 - 0 - 0 - 0 

♦180.0 -221* -221* ♦10 ♦10 -108 -108 

-170.5 - -221» * ♦10 - -108 

♦170.5 -290 -511* ♦108 ♦118 -65 -173 

-135.5 «■ -511* - ♦118 - -173 

♦135.5 -153 -667 ♦719 ♦837 ♦1*86 ♦313 

120.0 m -667 - ♦837 - ♦313 
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TABLE 51 - FINAL FIN SHEAR ALONG HINOE LINE 

to to (3) « 0 ffl !   « CO 0) « 

Fin 
Station 

Balanc ing Condition Dynamic Condition Roll. Pull-Out Cond. 

-S 
AL -h S -S 

AL -% S ^AL -SH S 

Ref. Tab.50 Tab.50 («)•« 
Tab. 1*8 Tab.50 (5)'« Tab. 1*8 Tab.50 

<•>♦« 

192.79 0 0 0 0 0 0 0 0 0 
-180 -611* 0 -6U* -liOl* 0 -1*01* -636 0 -636 

+180 -6ll* ♦220 -391* -1*01* -10 -Uli* -636 ♦110 -526 

-170 -1210 +220 -990 -79U -10 -801* -1250 +110 -111*0 

♦170 -1210 ♦510 -700 -791* -120 -911* -1250 ♦178 -1080 

160 -1920 -11*10 -1270 -1390 -1990 t -1820 

151 -2660 -2150 -1750 -1870 -2750 -2580 

U*3 -31*00 -2890 -221*0 -2360 -3520 

-1*350 

1 -3350 

-135 -1*200 ♦5io -3690 -2760 -120 -2880 +178 -1*180 

♦135 -1*200 ♦670 -3530 -2760 -81*0 -3600 -1*350 -310 -1*660 

128 -U960 1 -1*290 -3270 

-3880 
1 -1*110 

-1*720» 

-5130 

-6110 
t -51*1*0 

120 -5900 ♦670 -5230» -■81 *0 -310 -61*20* 
 1 

* Net fin shear does not equal net tail load since lower 
rudder hinge is attached directly to fuselage. 
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(REF.   TABLE 5l) 
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Distribution of Final Fin Banding Moaent 

With reference to Figure 97, the banding moment at any fin station "n" 
Is given by the expression 

192.79 
M - MAL - % - - M^ - Z      Wnml  AX (60) 

where   M^ - bending moaent due to air load only. 

(Sg) . - shear due to hinge loads at previous station. 

4 I - distance to previous station. 

The bending moaent distributions for the various loading condition» are 
calculated in Table 52 and plotted in Figure 99. 

Distribution of Final Fin Torsion About Hinge Lina 

Since the rudder hinge loads are applied to the fin at the hinge line, 
they do not affect the torsion in the fin. Therefore, the t oral on values 
calculated in Table U8 are final ultimate values, and are plotted in Figure 100. 

i 

201 



T 

8 

Ol 

o 
55 o 

g 
1-1 

e 
CO 
rH 
o 

I 

Ol n 
a 
S3 

© o 
UN 

O 
ON 8 O 

?7 
O 
rH 

8 
t— 
i 

8 8 S 
© X 

® 
o nN 

1 
1 

NO 
CM 

1 

NO 

1 
8 
rH 

1 i 

CM 
OO 
rH 

1 

1 

CO ,9 O 
ON 8 R 8 8 8 8 

® o 
-3 

•3 
o 

oo 
ON 

1 

rH 

I 

ON 
ON 
CM 

1 

o 
UN 

i 

UN r- 
CM 

s 
1 

CM 

o 

1 

o 
IT» 
CO 
rH 

1 

8 
fc © O o 8 o o 

ON 
o 
UN 

o 
CO s 

© 

© 

© 

o 

a o 

tf 
o o rH 

rH 
♦ 

CO 
CM 
+ 

ON 

+ 
MD 
UN 

+ 
o 
c- 

co 
-3 

+ 
-it 
CM 
♦ 

X) rH © 8 8 O 
ON $ s o o 

CO 

SB 
CO 

1 
© 

o o i-i 
iH 
+ 

r- 
r-i 
+ 

UN 
rH 
+ 

ONj 
r-l 
+ 

ON 
rH 
+ 

rH 
CM 

1 
CM 

1 

i-l 
I 
c 

1 

(-1 
UN 

4 o o 
O 
rH 
1-1 
+ 

o 
r-l ^ 

o o 
rH 
CN 

1 

o 
rH 
ON 

1 
rH 
+ 

© o 
UN 

o 
oo 8 o 

ON 8 o 
r-l 

o 
CM" 
ON 

8 
© sc + 

o 
-3 
CM CO 

ON 
ON 

UN 
-3 3 CM 

UN 

(8) 1 1 rH 
1 

ON 
1 

UN 
1 I 

ON 
1 

r»N 
rH 

1 

£ 
co o O 

co 8 O 
UN 8 O 

rH 
O 
ON 8 

© -3 

-9* o 
-3 
CM 

ON 
CO 

NO 
CO 
rH 

rH 
CM 
ON 

o 
CO 
-3 

O 
8 

O 
ON 
CO 

NO 
r- 
rH 

55 
o 

ad 
6-« 

1 1 1 i 1 rH 
1 

M 

M 

© 8 
o 
| 

£ 
© 

o o 
8 
r-l 

1 

8 
ON. 
r-l 

1 

o 
CO 
oy 
CM 

1 

o 
-3 
1—I 
ON 

1 

8 
r-N 

1 

s 
rH 
O 
rH 

1 

8 
ON 
NO 
rH 

1 

© 
o 

X r-l © 
X o o 

8 
■H 

8 
CM 

O 
CO o ON 

8 
ON 

O 
CO 
CO 

o 
CM 

CO 

1 
© 1 rH 

1 
rH 

1 
1 1 UN 

1 
NO 

1 

rH !-) 

© c 

c£ 
i 

UN 

■a o o 
o 
1-1 

1 

o 
CM - 
r-< 

1 

*8 
rH 

1 

O 
-3 
CO 

1 

o 
_3 
CO 

1 

© 
© 8 c O 

ON 
o 
r- 

o O 
UN $ 8 

£ 

© o 
r- UN 

O 
ON 
O 

ON 
NO 

o 
rr\ c OO 

1 rH 
1 

CM 
1 

ON 
1 

UN 
1 

CO 
1 

rH 
rH 

1 

-3 
rH 

1 

CO 8 c o 
ON £ o 

-3 
jB 8 8 

(2) ,? 4 o 
r- o 
i 

CM 
rH 

CM 
OO 
CM 

CO 
cr 
-3 

O 
ON CO 

o 
-3 
UN 
<*N 

CO 
CO 

SB 
o 

1 1 1 1 I rH 
1 

rH 
1 

rH 
1 

rH 

l-t 

g 
8 
o © ^ 

© o o 
8 
CM 
CNJ 

8 
ON 
r- 

o 
ON 
CO 
rH 

O 
r- 
Os 
UN 

o 
\JN 

8 
o 
-3 
f- 
-3 

o o 
rH 
o 

55 r-l rH CM CM rr\ 
l-t 
o 
ES 

3 

© 
X   rH © 8 8 O 

ON 
O 
CO 

o 
CO 

o 
ON 5? 

X 
X © o CM 

CM VN 
UN 
-3 

O 
-3 

O 
-3 

ON 
UN 

en 
1 © + 

  
rH l-l 

© c 

i 

4 
t- 

o o o 
CM 
CM 

c o 
-  rH 

o 
NO 

O 
r- 
NO u ■ 

f 

© 0 
© 

o 
UN 

• 
CM 
rH 

8 
d 
r-l 

8 
d 
rH 

8 
ON 

8 • 
co 

o o • 
CO 

o 
1— 

Ö • 
CO 

o ON 

0 Vl • • 
CM 
ON 

o • 
o 
oo 

O • 
o 
t— 

o o 
r-l 
UN 

O • 

3 
O • 
u\ 

o 
CO 

o 

ß 1 " 
1 H r-i rH r-l rH rH rH 

CM 
o 
CM 



(REF.  TABLE   52) 
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(REF.   TABLE   48) 
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Design of Fin 

Beading Strength of Fin Beam« 

Front Beam 

The front bean makes an angle of approximately 18 deg. with the 
vertical. (Ref. LAC Report #U660, page 111.)    For conservative design 
the stresses due to bending are Increased by dividing by the ooslne of 
this angle. The bending stresses and margins of safety at several 
stations are determined in Table 53. 

Rear Beam 

The bending 'stresses in the rear beam and the margins of safety at 
several stations are determined in Table 5U. 

Shear Flow in Fin Due to Torsion 

The shear flow due to torsion is calculated by the same methods 
utilised in the Lockheed Report #U66o, page 1JU2. The shear center of the 
box beam at any station is assumed to lie at the center of gravity of the 
fin beam moments of inertia. Torsion about the shear center consists of 
two parts. One part is due to external loads and is obtained by trans- 
ferring the external loads to the shear center. The other part is that 
torsion Induced in the fin skin by bending of the inclined front and rear 
beams. 

The distance from the shear center to the hinge line at any fin 
station "n" is obtained as followst 

Xco - (IFBAF) *FB ♦ (IRBAF) XRB    (61) 

where Ipg ■ moment of inertia of front beam 

IRB - moment of inertia of rear beam 

Ijr - total moment of inertia - Iyg ♦ IRB 

IpB - distance from hinge line to front beam 

Xßg - distance from hinge line to rear beam 

The front beam is located at 18.85£ chord, the rear beam at £8.2£ 
chord and the hinge line at 75* chord.    The chord at any station "n" 
is also given as 65.00 - .0821 (n-H8).    Therefore - 

IFB - (.75 - .1885)    [ 65.00 - .5821 (n-118) ]    . 36.50 - .3268(n-ll8) 

 (62) 

XRB - (-75 - .582)       650 - .5821(n-ll8) ]     - 10.92 - .0978(n-ll8) 

 (63) 
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TABLE 53 - BENDING STRESSES AND MAROINS 07 SAFETT - FRONT BEAM 

do <■*■) A W « M (1) (A 

Fin 
Station M 

Critical 
Condition 

(iF/y)re (VFW 
0O8.180 

'b h Margin 
of 

Safety 

Raf. Tab. 52 Fif. 99 Tab.19 .951 Qt) 

5.io 

($)/<$ Pg.l83 B^J*» 
128 135300 R. Pull-out 5.36 26500 27000 ♦ .02 

135 100000 n li.85 l*.6l 20600 27000 + .31 

11*3 700000 m 3.91* 3.75 18670 27000 ♦ .1*1* 

151 1*6300 n 3.17 3.01 151*00 26700 ♦ .73 

160 26500 n 2.1*2 2.30 11530 22750 + .97 

170 12090 n 1.93 1.83 6270 13900 ♦1.22 

180 3850 ■ 1.57 1.1*9 2690 6250 ♦1.32 

TABLE 51* - BENDINO STRESSES AND MAROINS OF SAFETT - REAR BEAM 

® ® (D Q ® <2> ® 

Fin 
Station M Critical 

Condition 
^F/F)RB 'o 'c 

Margin 
of 

Safatj 

Raf. Tab. 52 Tab. 99 Tab. U9 ® /® Pg.183 B© -1.0 
128 135300 R. Pull-out 5.36 25200 27000 ♦ .07 

135 100000 n U.99 20000 27000 +.35 

11*3 70000 ■ U.03 17350 26500 ♦ .52 

151 1*6300 N 3.32 13950 25750 ♦ .81* 

160 26500 a 2.56 10350 21*500 ♦1.37 

170 12090 N 2.03 5960 21250 High 

180 3850 n 1.68 2290 18300 High 
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The location« of the shear center at various fin stations are determined 
in Table $$,  using Equations (61), (62), and (63). 

The external loads are assumed acting on the fin as shown in Figure 101. 

The torque about the shear center due to the external loads acting on 
the fin is given by 

TSC^ -THL-SXCQ      (6U) 

The values of TSC*T ** the various fin stations for the three loadings are 
determined as follows.        (Ref. Lockheed Report #1*660, page lii2) 

(TSc)ßM " - BM [(IJBAP) TAN 18° 06* ♦ (IRB/IF) TAN $o 35'] 

- -BM[(.327)(IFBAF) * (.0978)(IRS/IP) ] (65) 

The values of (TsC)BM at various fin stations "n" for the three loading 
conditions are determined in Table 57. The sign of the bending moment is taken 
such that a positive moment induces negative torsion in section (see Fig. 101). 

The final torque distribution about the shear center of the fin, 

Tsc - <
T
SC)AI * (

T
SC)BB (66) 

and the resulting shear flows, 

qT - TSC/2A  (67) 

where 

A - area of section 

are determined in Table 58. The shear flows are summarized in Figure 102. 
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TABLE 55 - SHEAR CENTER LOCATION 

® 0) <2> <K> <£> A © tt 

Pin 
Station 

n 
% XHB dre/ip) <wv *co 

Raf. Bq. 62 Be. 63 Tab. U9 Tab. U9 ®x® (D *<D ©♦<D 
120 35.85 10.72 .581 .1*16 20.90 U.l*6 25.36 

128 33.23 9.9k .562 .U38 18.69 U.35 23.Oli 
135 30.9k 9.26 .51*8 .U52 16.95 U.18 21.13 
1U3 28.33 8.1*8 .557 .W«3 15.79 3.76 19.55 
151 25.72 7.69 .582 .108 1U.95 3.22 18.17 
160 22.77 6.81 .597 .h03 13.60 2.75 16.35 
170 19.50 5.83 .655 .3U5 12.78 2.01 Hi. 79 
180 16.21; U.86 .709 .291 11.52 l.ia 12.93 

V.^ shear Shear Center 

^ 

,1*8 

M"**HL 
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Shear Flow In Fin Bean Webs 

The «hear In the fin bean webs Is composed of two parts, that due to 
bending and that due to torsion. Distributing the total fin shear to the 
front and rear beams In proportion to their moments of Inertia, the total 
shear flow In each been is given by - 

<1FB - <&T ♦ <?T - S(IFBAF)AFB ♦ <JT ' - - (68) 

OjlB . q% - qT - 3(IKB/lr)A>RB ' 9H   - " ". " <**) 

where   S - total shear in fin at station 

(Ipg/Ip) and Oflg/lp) - ration of front and rear bean moments 
of Inertia to total fin moment of Inertia. 

h.pg and h^g ■ distance between cap rivet lines at front 
and rear beans. 

The resultant shear flows In the web of the front and rear beans are 
determined In Tables 59, 60, and 61 and summarised in Figure 103. 
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TABLE 59 - SHEAR FLOWS FRONT AND REAR BEAM WEBS - BALANCINO CONDITION 

6> ß> Ö) ©' ft © 0 « (?) ® <£> 
Fin 

Station (WV IIRBAF) ** *te <* s <*F *R <>FB %B 

Ref. Tab. 1*9 Teb.l*9 Tab.58 Tab.51 W4i »y® r© ♦©-©♦© 
-180 .709 .291 1.16 1.30 ♦32 -611* -376 -137 -3Ü* -169 

♦180 .709 .291 1.16 1.30 -17 -391* -21*1 -88 -258 -71 

-170 .655 .31*5 1.58 1.71* ♦22 -990 -1*11 -196 -389 -218 

+170 .655 .31*5 1.58 1.71* -29 -700 -291 -139 -320 -lio 
160 .597 .1*03 2.11* 2.26 ♦3 -11*10 -39I* -251 -391 -251* 

151 .582 .1*18 2.60 2.70 ♦ 36 -2150 -1*81 -333 -1*1*5 -369 

ÜÜ .557 .1*1*3 2.81* 3.12 ♦61 -2890 -567 -1*10 -506 -1*71 

-135 .51*8 .1*52 3.26 3.50 ♦87 -3690 -620 -1*77 -533 -561* 

♦135 • 5U8 .1*52 3.26 3.50 ♦72 -3530 -591* -1*56 -522 -528 

128 .562 .1*38 3.61* 3.81 ♦105 -1*290 -663 -1*90 -558 -595 

120 •58J* .1*16 3.91* 1*.U* ♦150 -5230 -775 -526 -625 -676 

TABLE 60 - SHEAR FLOWS FRONT AND REAR BEAN WEBS - DYNAMIC CONDITION 

ft ® (?) ft ffl <6> (T> (8) (?) to w 
Fin 

Station <W*r> (IRBAF) »»FB hRB <»T S <teF <H* <VB 4RB 

Ref. Tab.l*9 Tab. 1*9 Tab.58 Tab.51 £4Xi SM3 © ♦(£ -©♦(a 
-180 .709 .291 1.16 1.30 ♦30 -itOl* -21*7 -91 -217 -121 

♦180 .709 .291 1.16 1.30 ♦32 -1*11* -253 -93 -221 -125 

-170 .655 .31*5 1.58 1.71* ♦59 -80I* -333 -159 -271* -218 

♦170 .655 .31*5 1.58 1.71* ♦78 -9U* -379 -181 -301 -259 

160 .597 .1*03 2.11* 2.26 ♦97 -1390 -388 -21*8 -291 -31*5 

151 .582 .1*18 2.60 2.70 ♦115 -1870 -1*18 -290 -303 -1*05 

11*3 .557 .1*1*3 2.8U 3.12 ♦129 -2360 -1*62 -336 -333 -165 

-135 .51*8 .1*52 3.26 3.50 ♦11*5 -2880 -1*81* -372 -339 -517 

♦135 .51*8 .1*52 3.26 3.50 ♦2U* -36OO -605 -1*65 -391 -679 

128 .562 .1*38 3.67* 3.81* ♦238 -1*110 -635 -1*69 -397 -707 

120 .581* .1*16 3.91* l*.ll* ♦272 -1*720 -700 -1*75 -1*28 -71*7 
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TABLE 61 - SHEAR FLOWS FRONT AND REAR BEAMS WEBS - ROLL. PULL-OUT CONDITION 

<s> <D <2> © <D © CD <D (D 0 <8> 
Fin 

Station UFBAF) (IRBAF) hFB ^ *r s % "BR "FB ^RB 

Ref. Tab.l*9 T«b.Ii9 Tab.58 Tab.51 *><2>42 ä©/G ©♦® -©♦(£> 
-180 .709 .291 1.16 1.30 ♦27 -636 -389 -11*3 -362 -170 

♦180 .709 .291 1.16 1.30 ♦2 -526 -322 -118 -320 -120 

-170 .655 .31*5 1.58 1.71* ♦35 -111*0 -1*72 -226 -1*37 -261 

♦170 .655 .31*5 1.58 1.71* ♦25 -1080 -1*1*8 -211* -1*23 -239 

160 .597 .1*03 2.11* 2.26 *h9 -1820 -508 -325 -1*59 -371* 

151 .582 .1*18 2.60 2.70 ♦75 -2580 -578 -399 -503 -1*71* 

H*3 •$57 .1*1*3 2.81* 3.12 ♦96 -3350 -658 -1*76 -562 -572 

-135 .51*8 .1*52 3.26 3.50 +118 -1*180 -701* -51*0 -686 -658 

♦135 .51*8 .1*52 3.26 3.50 ♦165 -1*660 -785 -589 -620 -751* 

128 .51*8 .1*52 3.26 3.50 ♦165 -1*660 -785 -589 -620 -751* 

120 .581* .1*16 3.91* i*.H* ♦ 21*1 -61*20 -951 -1*61* -710 -887 
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FIN      STATION 
160 170 180 

N. 
in 

<*> 

200 

400 

600 

600 

200 

400 

CO 
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FIG. 103 SHEAR  FLOWS  FRONT AND REAR   BEAM   WEB 
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